Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 






r- 



.^'' 



■: 4 



tyL^^) 






^- 






D 



NOW READY. 



THIRD EDITION. 



COOPER ON BELTING." 

A Treatise on the Use op Beltinq for the TRiNHMiaBioN op Power. 
With numerous illuatrSitioiis of approved and actual methods of arrang- 
ing Main Driving and Quarter TwiBt Belts, and of Belt FaBtenings. 
Examples and Rules in great number for exhibiting and calculating Uia 
size and driving power of Belts. Plain, Particular and Practical Direc- 
tions for the Treatment, Care and Maoagement of Belts. Descriptions 
of many varieties of Beltings, together with chapters on the Tranamis- 
slon of Power by Ropes; bj Iron and Wood Prictional Gearing; on the 
Strength of Belting Leather ; and on the Experimental Investigations of 
Morin, Briggs, and others for determining the Friction of Belts under 
different tensions, which are presented clearly and fully, with the text 
and tables unabridged. 

By JOHN H. COOPER, M. E. 

Third Edition, with Appendix, Bringing the Suhject Folly to the 

FroBent Time, One Vol., demi-octavo, Cloth, $3.50. 

WHAT THEY SAY OF IT. 

" A useful and fiulnictlK lalume, Irpogiapbically cr^l»ble."~Jis. CUBlETiu, Philiidel- 

dafphia."' 
PhiladeiphTaT' °'^'° 
Philadelphia. 






>j;iliA)ij(ion."-J.C. Tkautwise, C. E.,PhaBdBl- 

''"More to be found in your book upon tbls subject thao in all the •orldbealde."~Prof. 
I. E. SWRKT, Cotnrll UniiBreily. 

"A ttaaroDgbandcorapleulreAtlHontbeaubleclofbeUiug."— SciBKTIIlcAUKIIiOAN.N. Y. 

"TBere is also muoli original mallor never Wufs printed ."— Herald abd Fkee Pbesb, 

cndltable to author and iJubllsberB."— Au. 

uetrsled la tyerr respect, and a nioet valuable contribution to tf chaical Utera- 
■ -- - mil SewB. BnriiirfBld. ObiQ. 

EBOillting power by bell* apd rupes," 



NorrlAto" 



"— Leffel's MiLUMU Sews, BpriugflBid, O 
.. complete ireatiM, embracing erery vttrieiv 
J, W. KviTEOB, M. E., Philadelphia. 



"WritWo in the plainest 
Philadelphia. 
., . 'opKdla. eighty ill 



laaieBt hooli tn 



BAH.Phll'^elpEla. 



Ciacu 
inc 



D.IU. 



LET S^rthmore Cidl^e^ 

Biit*,WBi!hlngloo, 
"' Use of BBlUni, 
Enfrineen, Philadalphli 



ipplle. 



KAa.,S.Y. 

"The moat eon 
prlnl."^otIKNA 

-No inlBlliget 

■hortly b* In 



iplett 



lybedoi 



'belting B 


plained In clea 


l.agnB*»."-PRiaB. 


FhiU- 1 


»!t treated 


with fullness an 


d peniplouity."— FBI 


„„ 1 


Ta^ero" 


^VaTalS'sb"™;.^^!?--?!^ £""[. 


"^• 


ribullon te 


technical llUn 


ture."-Prof. A. BEARoa- | 


treallM." 


-Hon. EI.LI9 3 




rP.u 




eeni."-T»ws,tHAa 


,..., 


aa long been tBanitest,"- 


-AS ^,-OBTHA^■l.■S EC-LECIIC | 


les, Ubies, eJid BlalUtiai u 
dona with belting." S.W 


pon the use of belts 
Informing himself 


r£ 


lithorlt' 





, t 






TREATISE 



ON THE 



USE OF BELTING 



FOR THE 



TRANSMISSION OF POWER. 



BY 

JOHN H. COOPER, 
THIRD EDITION. 









jy/T"// iK(/C// ADDITIONAL HE'W'-MAfTER. ' 



- "' J V J ^ 



V # J » 






- ^* • • • * • 









rf ■" -/ 



ILLUSTRATED. 



• ,4 >w«*4 * 



i ■» i' " ■^ J 



. ■> 1 



PHILADELPHIA : 
EDWARD MEEKS, 

1012 WALNUT STREET. 

London : E. & F. N. Spon, 48 Charing Gross. 

1888. 



1- ' ^. 



( THE liEW YOHK 

PUBLIC LIBRARY 

?45976 

AS'^OR, LTNOX AND 
TILD£N FOUf^DAi ions 

R 19 6 L 



Copyright, 1888, 
By JOHN H. COOPER. 












« • 
♦ •- 

• »• • • 

• • • • 



••• 






• • •• 

• • 

• •• 
» • 

• * .' 

• • • 






• • 






• • 



, • • • • 



PRESS OF WM. F. FELL & CO., 
I390-S4 BAKWOM •TRKCT, PHIUADCLPMIA. 



PREFACE 



TO THE THIED EDITION. 



^INCE the flist isene of this iKiak, tea years ago, I have had tiiuislitt«I 
several {bnign ikrtjcles on belting which, oo tiir its t know, hod not been 
nade plain to those who read English only. 

Mndi atteatduD ha« been paid in the EDgioeering world, during the Inst 

few yeais, to the sDhjeet of t)elt tnuuiniiiwiou. an is eTtdent.'ed by the several 

papeia contribnled by members and published b; the Sode^ of American 

Itfecbanical En^neeis ; selet'tions Ironi which I have appended to this volnme. 

I Practical data fiom the writings of other experimented, and ftom various 

I, have also been added. 

be caiefulneaa with whieh these experimenta have been made; the 

o which they have been tarried ; the generosity shown in plaeing the 

> In the free channels of engineering litenitnre; and for the labor and 

e devoted to the flirthcnince of out needed knowledge in these par- 

B, the highest praise should be uiwparingly given. 

a this line, arising originally from a desire to know about belt- 
g for shop ose, has been that of collecting, condensing and comparing exist- 
g pnblisbed data and ntles ; to these have been udded examples of bells in 
s, with the object in view of showing how near theii perlbrmance is parallel 

e rules which have been given for snch eases. 

In lien of eibanstive teata and experiments, conducted by best experts, 

Kand aided by ample uppropriations. this aescmblage of what has licen done, 

F being done, on the Hibernian principle : ' ' There's nothing so 

Fmuch like a thing as the thing itself," must stand as the best substitute 

fHierefor. 

t least, the initial movement toward gathering standard facts and 

le aim being to present the largest array of particulars consistent 

li accutncy and in accordance with best oac, maintaining that to "accus- 

u ODieelvee to tbin^ themselves," oeconling to Bamu, is a shorter andsnrer 

d to knowledge than that by proposed trials merely, which do not always 

le serviceableness of the materials in question lor the needs of business. 

ones have not been discussed, and the; form no part of my intention 

mpiling the data here massed. The subject is componnded of many 

iriea, for which neither the esigencieaof basiness,nor the probable results 

c ednced &om them, will bring fitting reward, and there is nothing like 

iiimentiition for confounding them if qnestionabte, or establishing them 

most too much reliance be placed upon the formulas of muthe- 
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nintics, for these, Bccording to Professor Miu'ka, are ' ' prsiuiiiptiouB only, until 
verified by Bxperinieilt;" they are bnt half-tnith Htatementa Mlim; short of 
fidl helpftalaeas. Flatoaaid: "Nothiiigimpetfect ia themeasoreof anythii^," 
iiaii words which have the sanrtion of a great author detUire, for the LTUcial 
teat; "Be Htire of it, give me the ocular proof " 

An ele^nt formula eqnatiog some isolated perticnlnrs of a problem, like a 
pretty feather on the wing of a bird, imiy he a thing of beauty, to be mnch 
admired, hut for fiying, sturdy strength is needed, aa well as tine plamage. 

We moat remember that transmiBsion of power by belting is minpounded 
of the qualities of eeveial things: Sexibili^, tightness and strength of fihre; 
rigidity, form and stafaix of the wheel, and the interposed adhesive and 
atmosphere, to all of whieh motion is given; nncertaiaty in the value of any 
' one of these will defeat a formula which does not properly provide Ibr it, a 
ao, as Carlyle says: " Nothing Bfts bat where it is, bnt where is it?" TMb 
can only be fbnud by well-directed and continued experiment. 

In this treatise things are shown more as they really are, tlian as one may 
think they ought to be. Ittellsof tliinga much as things would suy if they told 
ng, on the principle that the best knowing comes from the best doing; the prac- 
tical quality of a thing in that which we nioHt baveif woric is In be done, and 
the data of actual perfornuiute points cmt the sbc)rteBt road to HUctessfU ose. 

The object of this treatise, therefore, is to tell aliout tbe ase of belting, and, 
in as many ways aa possible, to prepare Ibr and to meet the rei|nirements of 
the greatest number of cases likely to occnr in pmctice. To detail the oaa- 
ditiouB of the employment of belting for transmitting power, and, in fiirthei' 
ance of this end, to give the viewH of us many writers on the subject as could 
be reached. 

A concluding chapter is given, in which closer comparisons of data are 
presented and discussed, inclading, also, all the rules for horse power and 
etrese on beltii^, which are here meai^ured hg one standard. 

Fimdly, in accordance with a sentiment expressed by ancient words; " We 
have been careful, that they that vrill read might have delight, and that they 
that are desirous to commit to memory might have ease, and that all into 
whose bands it comes might have profit." 

JOHN H. COOPER. 
lU WlitflrStrem, 

GEBUUrtowN. Pbila., 
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PKEFACE 



TO THE SECOND EDITION. 



■■ rpHE demand for a secnnd edition of Utt of Bdling offers occnaion to me to 
' -L UiBDk my readera and critics for the very fttvorable opiniomi entertained 
[ regarding my work, and for llio good wordii expretised iu ila belutlf. 

Of the many full and favoralile notices concerning the book, there occurs one 
aUtemeot — friendly ajid true, I believe — but about which I deem neceegary cer- 
tain explanatioiLS in joetification of the oljject 1 had in view when placing thia 
work before the public 

lent referred to exiata in a paper on a "Porninla for the Unrse- 
I Power of Leather Belts," read at the Ilartford meeting of the American 9odety 
L of Uedianical i^ngineers, held in May, 18S1, of which the following is the Bub- 
ft and leit: In " a recent book on the Uee of Bflliag, I found a large and 
Is collection of matter on the Bubject, but no atti-uipt was made to aaaimi< 

id to know that the book in found on perusal by intelligent readers, 
only to be full of valoabie matter, but that it also supplies many helps in 
shape of eiperimental data and practical working of belts. 

Am ^rewiy Hinted in V»e ofBdling, my whole aim In producing it was to pre- 
sent the largest array of facta and figures consistent with a<^cum<^y and in hai- 
moDj with heat uite, and nof tii rediico the particiilurH of pcrformani'e to one taJe 
or statement. A sq^uare inch of paper holdu area sufficient for a horafe-power 
\ TUle of belt performance, but a large book is necessary to tell the whole story of 
ihe use of betting. 
Assimilation is impoeeible where the modifying circumstances exist in such 
F great mimber and variety as they do imder which belts act. 

le that the various published rules for ascertaining the horae-power 
|> of a belt represent theexpresi^ OHaimilatioas of the data collated by the author 
I of each, we shall have a conuderable group of fairly formulated statements ; but 
T how near to the average truth they will approach can best be ascertained by 
L leference to the rules for belts already given in Use of Be/liny. 

In the making of many rules, too much stress is placed upon niceljes of mathe- 
■Imttttcsl expression, to the utter disregard of the man; disturbing conditions of 
' « and the persistent facta of working. What does it avail with formulated 
fcfiiw-Hpan, if, for example, the length and tightness of belts, the angle at w<hieh 
I they are running, and the character of the adhesives applied, are left "' oCixra* 
VBuleration by the rule, when we know that any one of these ctit " 

9 greatly affect the driving power of a bell V 
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— I Hnneaion is a greater fulcrum to tlie driving power than friction ; each ie 

f, Ject to its own lawe ; the law of this has been largely inyeBtigBted and relied 
, npon. but for that there seema to be no written law or certainty of result, yet 
when friction loils, the rule is — apply an adiiaive. 

I believe the largest preBentation of facts and condilions afibrda the best' 
material for study of the sulyect. I have no fears for good proportions aai\ 
best running conditions in the hands of the intelligent mechauie, if he in 
vided with the reaidta of reliable eKperimcntB, and studies them in connectioaj 
with the circumstances under which they were mode. 
r ■ On page ix of the Introduction, I have given an outline of reliable data fccj 
the guidance of the practical engineer who wishes to have knowledge of a fait 
average of belt strength, and of the force which belts are capable of transmitting 
in the ordinary way of using them ; and on page il I hare given some of the 
conditions to befidfilledin thouseof belta in order toget best service from them. 

It i« safe to say that no better assimilation of belt data can be made than that 
already presented in these pages. More conditions and variety of conditions, 
when discovered, will be added to this considerable list ; but the last deduction, 
when all the facts are in, will give to the practical man for use a simple state- 
ment, something like this; ajlai leather beit of the vsval make, one iiici in vridlh, 
tcUt trajimiU a force of say 55 tin. at any ordinary velocily, rwamngfredy on tmootA- 
Jaced pidleyi. 

An easily made experiment will prove that such a belt will transmit a force 
of 100 lbs., or even more, but for long unfailing service the amount named ia not 
far from the best practice. One can easily see and understand that a unit of this 
character, like a known tensile strength of good wrought-iron per square inch 
of section, ia a factor of almost universal application, and is in harmony with 
the use of belting. 

There are theoretical crotchets in many books ; nevertheless, rules for belting 
should be "pra^ical as far as possible, theoretical as far as necessary," and yet 
it will ever be true on test, that each material gives its own figures, which can 
only be known to those who lay a hand to the practical side of the subject as 
well as a head to the principles which govern the movements. 

Mention is made of a difference between Adhesion and Friction. It may be 
said, in general, that friction ia in proportion to the weight, but independent of 
the surface exposed to the sliding action ; adhesion, on the other hand, is in 
proportion to the extent of surfiice and to the nature of the adhesive. 

Either or both of these may act with running belts. For many reasons, there- 
fore, closer observation and comparisons of them with more extended experi* ' 
mentation are much needed to fully explain the many anomalies of belt drivii^. 
There is a repealed outcropping in the public prints of misapprehension eoiH 
cerning these irregularities, and I hope that conclusive tests will be fully made 
in the near future. 

JOHN H. COOPEE. 

loa Anoeles, CiL., May, 1SS3, 
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TO THE FIRST EDITION. 



C10ME of the facts and figures given in this treatise were originally 
'^ collated for private use, and were printed in the "Journal of the 
Franklin Institute." They are now rearranged, greatly enlarged, and are 
offered to the public with the hope that they may, at least, spare the 
reader's time in making searches, and help him to extend his knowledge 
of the subject treated. 

In publishing these materials, which have been selected from the best 
available sources, foreign and American, my object is to acquaint the 
reader with existing written rules, together with the particulars of work- 
ing examples, in order that he may study the subject for himself. 

I fully believe that the usrful part of every division of mechanical science 
may be expressed in simple language, and therefore propose, in the follow- 
ing pages, to tell just what all need to know about belting, in a way that 
every one will clearly understand. 

The first five chapters, which make up the greater part of this treatise, 
may be said to fitly represent the practice of the workshop and factory. 

The sixth chapter, presenting the text and results entire of Mr. Briggs^s 
elaborate essay, with Mr. Towne's reliable experiments, fonns in itself a 
theoretical and practical record of the tension of leather belts of the 
highest permanent value. 

I have given in the seventh chapter, by the aid of an efficient translator, 
a literal and, I believe, an exact reproduction of the subject-matter and 
experiments of Morin on the variation of the tension of leather belts, with 
every Jigure^ formula^ and tabular statement exactly as it exists in the 
original, repeating, also, the measures in metres and the weights in 
kilogrammes. As Morin is frequently quoted in detached portions, I felt 
it to be right, as it is in keeping with the work I had undertaken, to at 
least attempt a fiiU and complete translation of his words and meaning 
into plain English. 
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The eighth chapter is devoted to the tranemission of power h; ropea, 
hegiiining with tlie particulurs and practice of wire-rope driving, by tlie 
Roeblings, selected from printed matter, full of good and standard data, 
generously ofl'ercd by them, embracing also an article from the French of 
A. Achard, which, like Morin's, contains some mathematical nuts for the 
eurioua to crack, besides the opened kernels of fact, all of which may 
pi'Dve both pleasant and profitable to lind. 

Finally, in cbftjiter nintti, Mr, Wicklin's liberality has enabled me to lay 
before the render a particular account, in unmistakably clear language, of 
his metliod of transmitting power by the friction of rolliug contact. 

I have endeavored, in all parts of this work, to discover and name th» 
anthor of every statement made ; and, in addition to this, I offer my thanks 
to Messrs. Alexander Bros., Philadelphia; Messra, D. Aiipletou & Co., New , 
York ; Mr. U. C. Baird, Philadelphia ; Messrs. Brown & Allen, New York ; 
Mr. R. n. Buel, New York; Mr. James Christie, of Pencojd Iron Works,, 
Philadelphia ; Messrs. Iloyt Bros., New York ; the " Journal of the Frank- 
lin Institute," Philadelphia; "The Polytechnic Eeview," Pliikdelphia; 
Proft. Morton and Thurston, of the Stevens Institute, Hoboken; Mr. J. 
W. Nystrom, Philadelphia; Mr. Samuel Webber, N. IT.; and to many 
others, whose names are appended to their contributions, for favorable , 
opinions kindly expressed, and tor the privilege, freely given, of making J 
extracts from their published works. 

JOHN H. COOPER. 
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INTRODUCTION. 



EZTIAKATIOKS. 



IN order to lessen labor I have introduced two abbreriatione ; — 
Rpm for revoluiioiii per minute, and Fpra for feet per minute, which 
I have found useful in the every-day pocket-book jottings of busineas. 



The Greek letter 71, as iu all mathematical formulse, stands for 
3.1416, denoting the circumference of a circle whose diameter is 1. 
On page 49 is a formula in which 6.28 occurs. This is meant to be 
2 71, or 3.1416 X 2. The sigDification of all other Greek letters ia 
given in the articles where they are used. 



In Chap. 7 the comma ( ,) is used for the same purpose that we 
employ the period (.) ; that ia, to divide the decimals from the whole 
numbers ; and the period is not used at all to denote any operation 
to be performed iu the formulte; while in Art. 181 the comma is used 
for the decimal point, and the period for the sign of multiplication. 
Bee formula at head of page 266, where the numbers are separated 
by both periods a 



Three dots, thus, (.".) stand for therefore. 

The angular character (<^j means less tkan, and the same re- 
versed (>) means greater than. Thus-4<£ is the same as saying 
I .^is less than £, and C'>D\* the same as sayiug C is greater than i>. 



The word 



s is thus abbreviated : log. 



The words " No. 1 and following," on page 242, refer to articlee 
' in Morin's memoir of experimeuts on the friction of journals. 
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The metre is equal to 39.37043 inclies, or it ia equal to 3.2? 
feet ; or, to give the length of a metre in terms of Eaglish measure, 
aod in a way easily remembered, it is quite near to call it equal to 
3 feet 3 inches and |tLB of an inch. 

The metre is divided into one thousaiid equal parts, each part 
called a millimetre. Therefore, to expresa a measure by this system, 
this form is chosen: 3°,4'25 — a distance equal to 3 metres and 425 
millimetres, or 3 metres and 425 thousandths of a metre. The fol- | 
lowiug table gives all the minor metric denominations and their 1 
equivalents in Eugliah measure. 





»„„. 


I.™ 


Fbet. 


f 


0.03937 
0.39370 
3.93704 
39.37043 


3.2808693 











The gramme is equal to 15.43234874 grains, and the kil(^ramme is-V 



7000 
and to express kilogrammes and fractions, the following form is i 
56^,824 — meaning 56 kilogrammes, and 824 thousandths of a kilj 
gramme, or 56.824 grammes. 



The unit of measure for man-power, established by Morin, i 
equivalent of 50 lbs. raised 1 foot in a second of time, and that o 
horse-power, established by Watt, is the equivalent of 550 lbs. raised 
1 foot in a second, which is deduced from the original data given 
herewith r 

" Mr. Watt made some eiperiraents on the strong horses employed 
by the brewers in London, and found that a horse of that kind, 
walking at the rate of 2^ miles per hour, could draw 150 pounds 
avoirdupois, by means of a rope passing over a pulley, so as to raise up 
that weight, with vertical motion, at the rate of 220 feet per minute. 
This exertion of mechanical power is equal to 33,000 pounds raised 

ertically through a space of one foot per minute, and he denominated 

a horse-power, to serve for a measure of the power exerted by his 
tt-engines." — John Farey on the Steam-Engine, London, 1827, 



INTBODUCTION. 

The following equation will make this clear : 
5280 X 2^ X 150^33^0 ,^^ ^-^^ j ^^^^ 



60 



a minule. This 
treatise, and ii the form of ex- 



unit of measure is employed 
presaion used in this country, because it la customary to give the 
speeds of machiuea in feet, or revoluliom per minute. In Kuro|ie, the 
unit of time far the expression of speeds is the »econd, uot the minute. 



Unitt fbr Hona-Poww, flrom Nystrom. 



Pdwo. 




FoOT-L>». 


English... 
French.... 
German 




550. 

542.47 

582.25 

542.06 

550. 


75 kilogrammea, raised 1 m^tre per second*... 


Swedish... 











n Eogllih hone-pgire 



The letters employed in the opening formula of Morin'e essay 
Care explained on pages 235-7, the same being used in the formulie 
I relating to the friction of journals, given in liia earlier articles. 

Morin'a work is published under the authority of the Institute of 
I'-^Prance, which in itself is the highest recommendation of its intrinsic 
[•Talue. This is also abundantly proven by the universal employment 
ll»f his deductions by subsequent writers, and by the invariable coin- 
yeidence of results with tliose obtained from all later experimentation, 
1 that it needs no introduction to the reader other than to say the 
tdon here given is an exact reproduction of the original. 



The author of Art. 58 ia the same referred to in the preface, and I 
\ call attention to his clear and fully detailed experiments on a double 
l.leather belt, as well as to the mention of those of larger dimensions 
L' employed in rolling mills. 

On page 165 the word rigger is used, and in this case it is clearly 
^onymous with small pulley or drum. Rigger, in " Weale's Dic- 
ionary of Terms of Art," is defined " a wheel with a flat or slightly 
ired rim, moved by a leather band." Box, in his "Treatise on 
I -Work," repeatedly says '* rigger or pulley," as if they were one 
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I 



; but I do not find the word in use by Abel, Baker, 
or " The EDgioeer and MactuniBt'H 



and the e 

Buchanan, Fairbairn, i 

Assistant," 

Buchanan says, on page xx. of his preface : " Arkwright used iron 
bevel-wheels and band-pulleys in the cotton spinning mills at Crom- i 
ford and Belper, in 1775." 

The term bays, used on pages 137-8, may be defined as the spaces 
in a ceiling or roof of a building marked by the rafters or beams, or 
by the buttresses or pilasters of the walls. 



The figures given in Arts. 68 and 96 coincide exactly with those 
in Art. 163, which leads one to believe they were derived from Mr, 
Towne's published experiments. 

The reader will be surprised and amused at the different results to 
which the rules here assembled lead him, and he may find it a difficult 
task to reconcile them to what in his view may be considered a fair 
average performance of a belt; but as they are exhibited exactly as 
I found them, no apology is offered for their repetition word for 
word, and herein, indeed, consists the true value of this collection, in 
which will be found in one volume a great variety of data gathered 
in from many sources. _ 

I give below what may be termed ike pkUomphy of the belt, in 
which the principles of action are presented, and have added the 
mecftanics of belting, introducing dimensions which may not be re- 
liable in practice for definite rules, because of the greatly varied cir- 
cumstances under which belts arc used ; yet when certain attainable 
conditions are fulfilled, belts will transmit forces commensurate with 
the area of pulley contact. The statements made oa pages ix-xi 
are founded upon experiment, backed up by good authority, and 
may be depended upon for general practice. 

The Philosophy of Belting. 

"Motion communicated by cords, bands, or strujis, is r 
and free from noise and vibration, and on this account, . 
extreme simpliuity of the method, it ia always preferred 
less the motion ia required to be conveyed in an exact ratio. 

"As the communication of motion between the wheels and bands ia en- 

L tirely maintained by the frictional adltesion between them, it may hapipm 

^^hat it may oocasionally fail through the band sliding on the pulley. Thi^ 

\uot escessive, is an advnntageoiis property of thu uontrivanoe, because 

afluables the machinery to give way when unusual obstmetionB or resist^ 

« are opposed to it, and so prevents breakage and accident. For ex- 



'markablj smooth, 
,3 well as from the 
:o every other, un- 



INTBODncTION. IX 

Biplfl, if the pallej to whieh motion is oommnnicated were to be suddenly 

slopped, the di^ving pullejr, instead of receiving the shock and tranemittio^ 

ittotlio whole of ibe niacliinery in conneetion with it, would clip round 

til tite irictiOD of the band nfion the two pulleys hail gruduidly destroyed 

motioi). But if motion is to be transmitted in on exact [iruportion, for 

imple, SDoh as is required in clock work, where the hour liand mnat make 

cl revolution while the mionte hand revolves exactly 12 limes. 

'e inapplicable; for supposing it practicable to make the pulleys in 

tspmise a manner that their diameters should boar the exact proportion 

required, which it is not, this liability to slip would be fatal. 

"Sot in all that large class of machinery in which an eiact ratio is not 
FCiltilred to be maintained in the communication of rotation, endless bandH 
■w »lffsy8 employed, and are capable of transniittinj,' great forces." — Prof. 
~~^iilu'i Meehaniitm. 

The Practical Mechanics of Belting^. 

Force Required (o Break Belt*. 

le mean ultimate HtreogtU of a single l>e]t one inch wide and } 

Bo!) tbick, made of good leather, mny be taken at 1000 Iba. ia the 

jiid part ; and ordinary leather belts will average j of this amount. 

_ B 14, 212, and 213.) 
I The strength of fastenings varies according to the Joss of section 
7 the rivet and lace holes, and by the tenacity of the cements and 
lace leather used. The weakening efiect of the several methods of 
joining the ends of belts is such that no more than 200 lbs. per inch 
of width can be depended upon for ultimate strain, (See Art. 163.) 
We do not have a sufficient number of tests of other belting 
materials to compare fairly with leather, and can therefore only 
_»fer the reader to the figures on page 213. 

Force Transmitted by Belts. 
^'£ach ioch of width of good leather belting will transmit a force qf 
ba.,and this may be depended upon for continuous service wben 
t is properly surfaced on smooth pulleys running at high 

(See Arts. 1, 15, and 40.) 
Dg the average thickness of belts at J of an inch, this would 
6 a strain to the square inch of section equal to 330 lbs. (See 
U.) 

iaCrain of 5.5 Iba. to the inch of width is equal to a surface 
y of 50 square feet per minute per horse-power, which is safe 
Mice for single belts in good condition ; and on double belts a 
proportioned to the thickness may be used ; in all cases there 
>t be ample contact with the pulleys. (See Arts. 1, 15, and 103.) 
facilitate the conversion of belt strains into surface velocity, the 
Bowing table is given : 
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^^H Table for Converting the Strain upon a Beit Into Its Surface Veiooity' 




per Horse-Power, and Vice Versa. 




^H These 


figures were obtained by dividing 33,000 


by 12 times the 


^^^1 strain 


lbs., to which 


one inch of width of belt may be subjected. , 
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250. 
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65.4761 


72 


38.1944 




12 


229.1666 


43 


63.9634 


73 


37.6712 




13 


211.5384 


44 


62.5 


74 


37.1621 




14 


196.4285 


46 


61.1111 


75 


36.5853 




15 


183.3333 


46 


59.7826 


76 


36.106 
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171.875 


47 


58.6106 


77 


35.6371 




17 


161.7647 


48 


57.2916 


78 


36.1812 




18 


152.7777 


49 


56.1224 


79 


347368 
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144.7368 


50 


65. 
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31375 
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61 


53.9215 


81 


33.9506 




21 


130.9523 


52 


52.8846 


82 


33.6366 
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125. 


63 


61.8867 


83 


33.1326 




23 


119.6662 


64 


60.9269 


84 


32.738 
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114.6833 


65 


60. 


86 


32.3629 
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110. 
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49.1071 


86 


31.9767 
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105.7692 


67 


48.24.56 


87 


31.6091 
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101.8518 


68 


47.4137 


88 


31.26 




28 


98.2142 


69 


46.6101 


89 


30.8988 
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94.8276 
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45.8333 


90 


30.5665 
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83.3333 
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78.5714 
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41.6666 
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28.6468 
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67 


41.0447 
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28.3606 




37 


743243 


68 


40.4411 
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28.0612 
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72.3684 


69 


.39.856 
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39.2857 
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INTRODITCTION. XI 

' Conditions to be Fulfilled in the Use of Belts. 
Special conditions of aucceasiful practice, within whicli is embraced 
the driving capacity meaeuruble by the area ot ijontact, and mwlified 
by the state of the pulley and belt surfaces, and adhesive used, which 
must not permit the belt to slip or slick ; the proper material for, 
aud treatment of belt? ; the utmost contact or arc of enrolment on 
the pulley ; the proportion of diameter of pulley, and length and 
width of belt for best running ; the least rounding of tlie pulley faces, 
and the greatest smoothness obtainable ; the hair side of leather belts 
always to pulleys, as it is the smoother side, tor what is lost in contact 
must be made up in strain, and because the stronger fibres lie nearest 
the flesh side, and should be preserved; the amount of adhesion or 
traction developed by the tension employed ; the fastenings, which 
should be of the best ; the disposition of the laps such, tliat the motion 
of driviug will run wifli, not against, them ; the employment of largo 
pulleys, high speeds, aud light belts ; the careful putting on aud skil- 
ful juiniag of belts ; the runnlug of them, slack as possible, in the 
upper fold or strip ; the avoidance of tightness by excessive strain 
or binders, and of lateral straining, as in some quarter twist methods ; 
the introduction of fly-wheels, or like devices, for rendering the work 
of the belt uniform ; the increase of driving capacity, for overcoming 
occasional resistances and starting frictions ; the uniformity of belt 
section, and weight and texture of material, the straightness of edges 
for smoother running at high speeds ; the employment of gum belts 
for elevators, or to run in moist or hot situations, or where uniformity 
of section, without joints, is desirable — in titct, in many places where 
leather is generally used, always avoiding twists, all devices rubbing 
the edges, and the contact with any solvent of gum ; the adoption of 
leather covering for pulleys, by which 33 per cent, of adhesion is 
gained ; the securing of strips to the outer edges of single belts to 
increase adhesion ; the running of a belt atop of another to make it 
drive; increasing the speed of a^ bell, which may be as high as a 
mile in a minute and he safe and advantageous ; the introduction 
of the devices for augmenting the tractive pull of belts; the utiliza- 
tion of Iwlts for imparting and arresting motion ; the substitution of 
" wrapping connectors " for gear, as in twist belt arrangements, which 
do not over-strain the fibres; these, and a multitude of other con- 
ditions, involving the essential elements of best practice, will be 
found on examination to be accepted and used by the numerous au- 
thorities quoted, and to which the reader is directed and assisted by 
a complete index, arranged especially for ready reference. 
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Vulcanized Rubber Belts, by the N. Y. Belting and Packing Co. 

In Art. I4R. I have given in detail many facts relating to the beltin, 
fabricated by this company; but Mince that was written, beita of large 
proportions, and of more perfect workmanship, if such be possible, hav 
been produced. As an evidence of the extent to which their belting i 
employed, "they manufactured in the year 1876 over 1,200,000 feet o 
various widths of belting, and aouie idea may be formed of the magnitud 
of their indnstrial operations when we mention one order lately fi!l& 
atnonnting to $46,000, which included many large and long belts, and als 
one driving belt for the elevator of the New York Central and Hndso' 
River Railroad, which measnred 48 inches in width, 330 feet in length, ani 
weighed 4WI0 pounds," thus outdoing their "Champion Belt," deacribei 
on page 197, and producing & belt larger tbiai "tlielargeitheit in, the world, 
of wbich account is given in Art. 76. 

In order to fairly present the scientific improvements developed by thi 
Company, and the mechanical perfection to which their processes o 
manufacture have been brought, I beg leave to offer in part the report o 
L. 0. de Montanville and E. Sternhein, agents of the French Govemmen 
to the Centennial, not omitting the grand compliment they have p»d u 
in the following words, which should be written in letters of gold: 

"The Philadelphia exhibition was the greatest manifestation of indm 
trial work, in all its ramifloations, ever ofl'ored to mankind," and the 
proceed to reqnote the "praiseworthy terms in which Messrs. Kuhlmani 
Jr., and Dietz-Monin, of France, and Mr. De Wilde, of Belgium, spoke o 
tlie manufactured products exhibited by this establishment." They said : 

" For some yean paat India-rubber, whioh 'has passed through so many new pre 
ceBBee, baa tbrmed thebaaiBof ^evernl large indoatneB, which manufacture an iafinit 
varied of artioles useful in doroeatie economy, aa well as various iDatrunicnla □ 
undoubted value, not only^ to aurgery, but also to the phyuoal, chemical, and mc 
cbanical arts, and to navigation. Up to the present time, we have observed ni 
more important progress in this manufaoture thau that of the introduction of Ozid 
of Lead, Zioc, and Sulphur in the vulcanizatioa of rubber, thus renilering it capabl 
of being used for mGchanieal purpoaes. What we especially noticed in the good 
manafactared by the Company which iathepreaeutaunjeot of onr special atcantini 
was that tlieit rubber fabrics retained thelt Seiibility, and all their esseutial quali 
ties, without the slightest alteration, even when sabjected to the most opposit 
temperatures. We cannot too highly praise its special excellencies— namely, iti n 
rUlance to thi aetian of chttaicat agenlt, the perfect tmoolhneis of itt iUTface, oni 
ikt tvenneM of iU uttlea-aiiation. The testa that we made of the diflerent bond 
nuinufactared b; Ihia Company, and destined for use aa machine belting, sbownd a 
ooncluaivBly that, in addition to tbe above-men tioned good qualities, it possesae 
ffraU teanciiy aiid large wnntr of rciiitanee undtr great preamre. For these im 
portant reasons, Ke ahoula prefer iM ute for driving maeliiners etitm to the bet! an 
thicietl leather belting. The mixtare of Oxide of Lead, Zinc, and Sulphur used L 
combination with the rubber during ita process of vulcanization, obviates bJ 
leodency to ita tiecomiog hardened or rigid by eitreme cold, or to its softening an 
becoming poroua under tbe influence of heat. These probabilitiea, which wer 
serious obslaclEa to the general nae of vulcanized rubber for sooh purposes, are, ii 
our opinion, completely overcome by the use of Oxide of Lead, Zinc, and Sulphui 
We cannot do better than follow these remarks by giving verbatim, and wilbon 
further comment, the verv Hatlering terms in which the jury of Phiiadelphi 
~:e of the New York Belting and Packing Company. Their official report (Vnd 
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PHILAOKLPaiA, 

SEPORT ON AWARDS. 
Product, RuAber Belting. 

Matoe nod addrew of Exhibitor, iVew York Belting and Packing Clmpany, Netr 
Tart CUy. 

The imdeTBigaed, haring ex&mined the product herein dncnbed, respectfdlly 
nownmeada the same lo Uie Uuited States Ceul«uniiil Commii<eiuii for Awuil, ibr 
the following reaaoiu, vU. : 
I The belting U of v»riou» nidtlia t« 48 iDchfs. of thieknees from three to Btb ply, 

[ of length to 32(1 feet. Itaatreogth, on delurmiDed b; experiuient under direvtiou ui 
Q^ Albert: A tbree-pl^ three inch belt gave way at 3,00U (three Ihuiuandj 
pounds, lit odheiion, a BJi inch belt, with a weight of fifty poniub at either end, 
over li 15! iiiehea exterior diameter smouth, caai-imn fixed puller, ilipued at 70 

ftj) puuiida. The thickness of thti btlt was three-pty^ — ^j of no iucu. Com- 
d for adhesion, atreugth, smooth fiuish, auil cure in worlcmanship and curing. 
UNCLASSIFIED FIGITRES AMD H0TE8, 
From "Tables, Rules, and Data, by D. K. Clark," London, 1877. 
Average Teniion. 
" Dr. Hartig found, from tbe I'esulu of experimeuta made by him 
in a wooUeu mill, thai the tension of tlie driving bells varied from 
30 lbs. to 532 lb:!, per aquare iucb of eeciiuu, aud that it averaged 
273 lbs. per square inch." 

Average Working Strain. 

"An average working streugtb of :J00 lbs. per square inch of 

section of leather belts may be accepted for purposes of calculation." 

Surface Velocity. 

" The performances of belts may be compared by calculating the 

number of square feet of belt-surface passed over either pulley per 

miuute per horse-power; involving the elements of working stress 

and velocity. It is found by multiplying the velocity in feet per 

minute by the breadth of the belt in feet, and dividing the product 

by the horse-power transmitted." 

Rule for Horse-Power of a Belt. 

"M, Claudel gives the following empirical formula, in ooraraon 
nae, for finding the breadth of a leather belt enveloping half the 
carcumfereQce of a pulley. 

Altering the measures: b^^e — : 

In which b ^= breadth of belt in inches. 
H^= horse-power. 
«^=tho speed of the belt in feet per second. 
c := a constant = 26 for upright shafts and 
20 for horizontal s 





XIV tINCLASSIPIED FIGURES AND NOTES. 

" M. Claudel iDstauces the common experience that a belt S\ I 
inches broad, moving at a velocity of 9 feet per second, can very I 
well transmit one horse-power with ordinary tension, and without I 
over-straining, working on turned aud smooth pulleys of equal'l 
diameter. 

" This example, if adopted aa a basis, would give a coefficient J 
c^29. The working tension is only about 20 lbs. per inch wide, f 
At the same time, the values given by the empirical formula 
little more than those deducible from the data of M. Moriu." 



'. Kirkaldy's Tests of Norris & Co.'b Belting, gave the following 
Results for Ultimate Tensile Strength, 



.,„. 


EBGUSB 


iS:;S' 


EHOLISH 


HK].VBTI,L 
PKB IBCH 




14,861 lbs. 
6,193 " 
5,603 " 
4,365 " 
2,942 « 

8,846 " 
4,060 " 
3,248 ■■ 
3,007 " 


17,622 lb.. 
11,089 " 
10,456 " 
6,207 " 
4,237 " 

11,888 " 
5,426 " 
3,948 " 
3,377 « 


1238 

884 
934 
1091 
1471 

885 
812 
812 
859 


1469 

1.584 
1743 
1652 
2118 

1189 
1085 
987 
966 


7 " " 








10 " sinirle 


5 .. "^ : 









Tightening Pulleys. 

The tightening pulley is applied to belts for increasing their adhe- 
sion to the pulleys ; and as this is liable to iail first on the smaller 
pulley, it is usual to place them on the slack side of the belt, nearer 
this pulley, in order to increase adhesion as well as the area of con- 
tact, which it effectually does in this position ; but it also increases 
the friction of driving, in proportion to the thniatiug of the same 
from the line of its natural curvature. If placed nearest the larger 
pulley, it would increase the adhesion where such is not wanted, and 
would, at the same time, diminish the area of contact on the smaller 
pulley by pulling the be!t away from it, thus lessening the very effect 
which it was applied to remedy. It would, however, increase adhe- 
sion by augmenting the tension of the belt ; but this in turn would 
add to the resistance to be overcome, by creating additional friction 
in the shaft bearings. 
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Effect of speed on Slack Belts. 

a making clo^e calculations fur belt adhesioo, care must be taken 

note the degreea of contact of the belt on the pulley, m the adhe- 

sases in a greater ratio than the area of contact (Art. 97 >, 

^ially when the upper fold is very alack and the speed high, 

k nhich case the belt throws itself against ihe face of the pulley it 

is approaching with much force, iucreaslng the area of contact, as 

well aa the pressure on the pulley. 

This banking of the current of the belt against the face of the 
pulley augments adhesion, and iu a great mea:-ure compensates for 
the loss of contact due to centrifugal force. 



Belting of IntestineB. 
" Belting is made in America from the entrails of sheep, which 
average (the entrails — not the sheep) some fifty-five feet in length. 
They are thoroughly cleaned, and subjected for some days to the 
action of brine, and are then wound upon bobbins, after which the 
process is the same aa making common rope, If a Hat belt is re- 
quired, a loom is employed, and the strands are woveu together. A 
J-inch rope thus made will stand a strain of seven tons, and b guar- 
anteed to last ten years; the best hemp rope of same thickness has t, 
life of about three years." 

To Measure for Belting. 

To find the length and course of a belt, apply a tape-line or string 
lo the pulleys where the belt goes, and then measure the length of 
the string by a two-feet rule, which a mechanic should always have 
at hand ; and when such measure cannot be made, make a drawing, 
full size or to scale, and step dividers around the course of the belt. 
By means of suuh drawings, the places where the belt po^es tloors 
nod the like can also be found. These methods are more trusty and 
more convenient than any system of calculations, however tabulated, 
formulated, or prepared. 

Pulleys of Paper and Raw-Hiile. 
iPulIeye may be made ol' paper aud of raw-hide in the same mau- 
la directed iu Art. 61 for leather pulleys. Raw-hide has superior 
ftlitiee for resisting wear; it may therefore be very suceessfuJlj 
i for shaft bearings or for the hubs of loose pulleys, 
Ipaper also suits well for pulley covers. 




A TREATISE 



USE OF BELTIl^G. 



CHAPTER I. 

RULES FOR ASCERTAINING THE DRIVING POWER OP BELTS. 
AND FACTS AND FIGURES RELATING THERETO. 

Mr. Samuel Webber, C. E., of Manchester, N. H., who has much 
practical acquaintance with mill work and belting, says: 

1, " I have had a workiug rule for many years, which was given to 
me by an old and experienced machinist, and may be thus expressed : 
Ordinary leather heUintj one inch wide, having a velocity of 600 Fp>n, 
■will transmit one horie-pmcer. 

" Practice has flhown me the safety of this rule, and for which, and 
for iU extension ta all cases, I have sought a reason and a formula. 

" After an examination of the text-books, I found that Morin's 
data gave me the clue to the truth of this rule, and that it was sup- 
ported by other good authority. Morin says : ' Belts designed for con- 
tinuous service may be made to bear a tension of 0,551 lbs. per 
.0000107 square feet, or .00155 square inches of section, which en- 
ables us to determine their breadth according to the thickness.' This 
is equal to 355 lbs. per square inch of belting leather, and is also 
equal to from \ to j^ the breaking streugth of the same, as given by 
liankine and other authorities. 

" From this I see my way to a simple formula : Substituting 330 
lbs, for 355 lbs. per square inch, I strike the component part of a. 
horse-power, and deduce the following: one square inch of belting, at 
a velocity of 100 Fpm, will transmit one horse-power with safety, and 
~[om these data get this rule : 

17 
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RULES FOR BELT! 



" The denomioator of the fraction espressiug the thickness of the I 
belt in inches gives the velocity in hundreds of feet per minute at ( 
which each inch of width will transmit one horse-power, that is : J = 
6x100 = 600 ft.: 1 = 3x100 = 300 ft., and so on. 

" Now, i inch being about the ordinary thickness of a single belt, I 
this shows me why my old ' rule of thumb ' proved right, and a care- I 
ful examination of many of the large belts running in our New Eng- 
land cotton-mills within the lost year or two confirms my opinion as 
to the safety of the rule. 

" This gives a strain of 55 Iba. per inch, and a belt speed of 60 ] 
square feet of surface per niioute per horse-power, as safe, ordinary [ 
practice tor single belts ; and I find the same velocity, with a strain 
proportioned to the thickness, works perfectly well with double belts. 
This, however, is applicable where there is a sufficient holding surface J 
on the smaller pulley ; if the arc of contact be small, a wider belt 1 
will be necessary, and I am not yet able to formulate a rule for belt ( 
contact. The nearest approach I have made to it yet is to allow 10 I 
to 1'2 square inches of pulley surface in contact with belt for each [ 
horse-power, 

"It is generally conceded that the friction of a belt passing half 
around a pulley, is equal to one-half the strain on the belt ; or that 
an inch belt, at 600 Fpm, with a strain of 55 lbs., would give a trac- 
tion of 27.5 lbs. and require a pulley which would give 1200 lineal ' 
feet per minute of surface contact, to obtain the one horse-power to i 
which the belt would be equal. i 

" Morin, in his ' Mechanics,' gives, aa the result of actual trials with 
a loaded belt over a wooden drum, an average friction of 57 per cent., 
which would be increased by using a pulley covered with leather ; and 
a polished iron pulley, with a smooth, flexible belt, may, I think, be 
depended on in actual use for 50 per cent. 

" The friction of a belt varies with the arc of the circle of the pulley i 
with which it is in contact, and is only half as great on | of a pulley 
as on ^ of one ; so tliat double the surface iu square inches will be re- 1 
quired to transmit the same power in the former case that would be | 
needed in the latter. 

" Carrying out these rules, it will be easily seen that where high 
speed is to be obtained by the use of f^mall pulleys, a much gre 
width of belt is necessary to get the frictional surface than is called j 
for by the strength of the leather ; and it will be found that, for cir- | 
cular saws, cotton-pickers, spinuing'frames, etc., a wider belt is nee 
n is due to the actual power transmitted. Take, for instance, a | 



spinning-frame with a 7-inch pulley, 900 Epm, or 1650 feet belt 
velocity, and requiring IJ horse-power. Oue iuch of belt at that 
speed would trausmit 2j horee-power, but the contact surface of the 
pulley would uot be over 10 inches in length, and, by the above 
rules, calls for a 3-iiich belt, which is the standard size for that pur- 
pose. Looms, and other njachines which are constantly stopped and 
started, also require wider belts, to stand the wear and tear of 'ship- 
ping,' than would he needed for the power. Let me cite, as an ex- 
ample, an iustauce of a main belt running in this city 24 inches wide, 
double, transmitting 160 horse-power at 3200 Fpm, to a pulley '4 
feet 10 inches diameter. Taking my formula for double belts, it 
would be; 



_ 100x3660 
~S200>i 7.58" 



- 2^,1^ inches wide. 



" This belt has run four years without repairs, and looks likely to 
a forty more. According to ray rules for the strength of leather, it 
tould tQinsmit 192 horse-power, but to do it the smaller pulley 
iihould be 5 feet 9.6 inches diameter instead of 4 feet 10 inches. 
" My formula for single belts is : 



Uid for double belts : 



HP X S500 
ity X eonlact mfi. 



velocity x contad, injl. 



"!I1ie tendency with us now is to use large pulleys, high sur&ce 

ids, and light belts. In my rules for double belts I have assumed 

I j inch in thickness and 82J lbs. strain ; but if the belt be, as many 

are, | inch thick, it would, of course, bear from 110 to 120 lbs., and 

300 Fpm would give one horse-power per inch. 

" One other point I would also mention ; The better friction is not 
the only reason for putting the ' grain ' side of the leather next the 
pulley ; it Is harder, and uot so elastic and fibrous as the flesh side ; 
will wear better on the suri'ace of the pulley, while it will crack and 
break if exposed to the expausion and contraction to which the out- 
side of the belt is continually subjected." 
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2. "The Operative Mechanic and British Machinist," by John 
Nicholson, Esq., C. E., American ed., 1826, makes mention of 

" Tixefael and loose pulle^,vilni:[i 
IB represeuted in Fig. 1. B Sb a 
pulley iirmly fixed on the aslc 
A, and C a pulley with a bush, 
so that it can revolve upou the 
axle A without communicating 
motion to it. This contrivance 
is remarkable for its beautiiiil 
simplicity, as the axle A can 
be thrown in and out of gear 
at pleai^ure, without the least 
ehock, by simply passing a 
strap from the one pulley to 
the other." 

The aixtve work also describes the grooved (fliding clutch pulley 
and the "tightening roller," or pulley for increasing the tension of a 
belt to the tightness required for driving. 

From "The EncycIopsBdia of Arts, Manufactures, and Machinery," 
by Barlow it Babbage, London, 1848. 

3. "In the numerous contrivances for the purpose of engag- 
ing and disengaging machinery, the particular object aimed at 
baa been to communicate motion without a shock ; as, in couHe- 
quence of the inertia of bodies, or their disposition to remain in 
the state in which they are, the parts of Machinery, when acted 
upon too suddenly by a moving power, are liable to fracture and 
derangement 

" The inveutioDS for this purpose may be divided into two classes, 
viz. : wlien the motion is communicated by bands, belts, or chains, 
and when it is communicated by wheel work ; the former generally 
possesses the advantage of bringing on the motion more gradually, 
although the application to large Machinery is attended with iucon- 
I 'venience." 

Fig. 2 represents a contrivance termed the feat and loose pulley, 
avhich is remarkable for iu simplicity. It is attended with no shock, 
i is considered the most perfect method yet invented for the pur- 
e where it can be applied. 

sista simply of two pulleys, B and C, one being fixed on the 
Ide, and the other loose, and the belt or band which conveys the 




Fig. 2. 
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motion may be shifted at pleasure, either upon one pulley or tte 
other; by that means put- 
ting in or out of motion the 
axle A. 

It may be proper here to 
mention tbat, in order to make 
a belt run properly on a pul- 
ley, it is necessary to have the 
rim a little rouuded or swelled 
in the middle. The belt al- 
ya inclines to that part of 
the pulley which is of greatest 
diameter. 

"This curious property is 
of great practical use, and, 

until it was Icnown, it was found very troublesome to prevent belts 

slipping off the pulleys." 

From *' The Science of Modern Cotton-Spinning," by Evan Leigh, 
C. E., Manchester, England, 1875. 

4. Mr, Leigh advises ua to "seize upon truth where'er 't is found," 
and we therefore transfer a few of the flue apecimena he has given ua 
in his excellent work on " Cotton-Spinning." 

" Simplicity, which in all mechaniam ia desirable, is more especially 
BO in mill gearing. Heavy, cumbrous, and rumbling gearing should 
be avoided as much as possible. It is always disagreeable and dan- 
gerous, because the breaking of a cog, from any hard substance get- 
ting in the wheels, often causea a fearful crash. The constant greasing 
required is also expensive, and produces much filth arid unpleasaut 
smell." 

" Looking around, one must accord to America the honor of many 
useful inventions. Give a man a certaiu thing to do with limited 
means, and hia ingenuity suggests a way of doing it ; so in America 
heavy gearing is almost entirely discarded, aud broad belts or straps 
Bubatituted. 

" Much may be said pro and eon on this subject. The wisdom or 
iblly thereof depends upon the mode of application. 

"When properly apjilied, there is no question that the noiseless 
aud practical way in which belts do their work is preferable to gear- 
'Jng. 

"If lieUing be improperly applied it makes all the difiereiic«, A 
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main diiving-belt, to be rightly applied, should go through 3000 or 
4000 {eet of space per minute, mid be sufficiently wide to drive all 
the machinery aud shafting it has to turu quite easily, when runuiug 
iu a slack state. A wide belt moving with that velocity, on drums 
of large diameter, possesses enormous power. After a new belt has 
been tighteued up ouce, it should work many yeai-s without again 
requiring tightening, and will do eo if properly applied and mode of 
good material, saving, in the meantime, all the grease and labor of 
putting it on which gearing requires, to say nothing of the horrid 
noise which heavy gearing makes. In America the main driving- 
belts are open straps, worked iu thb manner and neatly boxed up, so 
that nothing is seen, nothing heard ; whilst in this country the disa- 
greeable rumbling noise of the heavy gearing of some mills can be 
heard, in country places, a mile off" 

Ask " John Bull " whether he would prefer driving his machinery 
by gearing or belting, and he will shako his head and tell you he 
never minda the noise ; he likes to ire sure. " John Bull " is gener- 
ally a shrewd fellow, but, as a rule, he does not nt present understand 
what a belt is capable of when it runs through 3000 or 4000 feet of 
space per minute. 

"Driving hy belt or band has ultimately to he resorted to in all 
cotton-epiuuing machinery ; therefore the question of certainty goes 
for nothing wheu properly done, as one way is just aa certain as the 
other. To apply belting to slow-running shafts would be simply 
ridiculous. As speed has finally to be attained, it should be 
gained, as much as possible, at once from the periphery of the fly- 
wheel of quick-running engines, TJie speed of engines and diam- 
eter of fly-wheel should be so adapted to each other that the rim 
of the latter will give off a speed of 3000 to 4000 Fpm at least ; 
it being borne in mind tiiat the power of a belt is exactly as the 
speed or space it runs through per minute. For example, a belt or 
strap of 6 inches wide, running through 4000 feet of space per 
minute, will turu as much machinery or give ofl^ as much power 
as a belt of 24 inches will do that moves only at the rate of 1000 
JFpm. Therelbre the quicker the speed the less is the expense of 
the belt. 

"What has been said about slack straps applies to all heavy run- 
ning machinery throughout. It will be found also a great saving of 
power to have larger pulleys than is usual both on the shafting and 
frames, ao that the straps can do their work easily. This saves wear 

d tear also to a great exteut. When a strap is obliged to be tight 
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in order to do its work, it pulls down at tlie eliafiting and up at tha 
pedestals of the frame it is driving, thereby wearing out the steps, 
conBuming more oil, aud absorbing power, besides pulling itself to 
pieces, in addition to which it slips and loses time. 

" After a mill is settled to work there ought to be scarcely any 
piecing or tightening of straps, aud if the precautions above < 
merated be taken at the conimencemeut, production will go ou with, 
greater regularity, and a very large saving in the aggregate will be 



" Ah an example of what may be done with belts, the first which 
the author saw in an American factory was one driving 140 horse- 
power from a drum of 9 feet diameter, and going at the speed of 
130 Bpra, and driving a shafi which had a drum of 7 feet diam* 
eter upon it. The strap was 24 inches wide, of double leather 
sewn together. It was asserted that this strap bad run for se 
years without piecing or tightening, having been tightened only 
once since it was newly put on. Being surprised at this statement, 
iurther inquiry was made in different mills, which fully confirmed 
what had been said as to the durability and ease with which these 
large belts do their work. If reflected upon, what an impressive 
lesson this teaches I 

" How delightful it would be in a mill if all the straps would nm 
BO long without piecing or giving trouble I Yet so it would be were 
the same conditions observed. How much we vary from those condi- 
tions will be seen upon examination. For instance, we oiten see 
carding- engines with pulleys ou the main cylinders 12 Inches diame- 
ter, running at a speed of 140 Epm, which is equal to barely 440 
Fpm of space through which the strap moves, whilst the big driving- 
strap, above alluded to, goes more than eight times faster, being at 
the rate of over 3673 Fpni. The straps which drive frames and 
other machinery are not much quicker than those which drive the 
cards. 

" Therefore the lesson taught by the big belt is imperative, namely, 
that there should be very Hglit shaftiug run at a very quick speed, 
with larger drums and pulleys ; then very little would be heard of 
strap piecing, or wear and tear of belts, working with less power 
and steadier production all the while. 'Our American cousins' 
have taught some good things, and this is one of them. 

"In new countries men have new ways, and do not fix their prin- 
ciples by inheritance, as they do in old countries. 

le American factories, one long belt is made to run the 
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Bpm, driven direct from the steam-engiiie or other motor; B~iB a, 
strong, well balanced drum, of 15 feet diameter, and about 
wide, keyed on the shaft a, which, in making 80 Rpni, gives off a 
speed on ita periphery of 3768 Fpm ; 6 1, 6 2, 6 3, 6 4, 6 5, are strong, 
pulleys about 6 feet iu diameter, and 6 inches wide, keyed ou the 
respective shai'ta they have to drive, which will in this case make 200 
Kpm, but may, of course, be varied to run faster or slower by putting 
on smaller or larger pulleys ; but whatever else is done, the speed of 
the straps must be kept up, for in that lies the whole secret of success 
in belt driving. 

"The shaft a, if the power he steam, will be the crank shaft, and 
the drum upon it will act as iiy-wheel, and have great centrifugal 
force, without being heavy, by reason of its speed. The pulley must 
be turned a little convex at the top, where every strap comes upon 
it, having a little flat space of 3 or 4 inches between every hump, to 
admit of boxing up each belt separately, and insuring them running 
in their proper places. 

" Should any belt break, aa it runs in a separate box all the way 
up, it cannot in any way interfere with the others. When a belt 
wants pieciog or ttghteutng {a very rare occurrence) the ends are 
fixed in cramps, which are drawn together by screws. 

" As the straps or belts in the above example are supposed to be 6 
inches wide, each belt is capable of driving horae-power, as the fol- 
lowing rule for calculating the power of belts will show. 

Rule to find the Horse-power that any given Width of Double 
Belt is easily Capable of Driving. 

" Multiply the number of square inches covered by the belt on the 
driven pulley by ove-halj the speed in feet per minute through whicl^ 
the belt moves, and divide the product by 33,000, the quotient will 
be the horse-power. 

Rule to find the Proper Width of Belt for any given Horse-power. 

" Multiply 33,000 by the horse-power required, and divide the pro- 
duct first by the length in inches covered by the belt on the di 
pulley, and again by half the speed of the belt. 

" If these rules, which the author has devised after very careful 
study of the subject, he compared with the single straps as at present 
used in cotton-mills, it will be found that they considerably 
shoot the mark ; yet, theoretically, single belts, being so much weaker' 
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md more liable to stretch than double onea, ought to have lew strain 
upon them. The secret of the wide double driviog l)elts runDing so 
mysteriously long without attentiou, will at ouce be Been, wheu it. 
ia considered that eingle belts are, as generally used, made to drive 
three or four times more than they ought to do tor their width and 
speed, 

"For existing establishments, where it is not convenieut to alter 
Ibe speed of shafting or size of drums, iu driving machines with single 
jtraps, the following will come nearer to actual practice. 

Rule to find the width of Belt for any given HoPBe-power. 
" Multiply 33,000 by the horse-power required, and divide the 
product, first by the length iu iuches covered by the belt, and again 
by its speed. 

"This, and more than this, is what single straps are made to do 
when driving machinery. Comparatively, then, the strong double 
belts, working as per first rule, have exceedingly light work, which 
can be done with great ease while running in a slack state. Hence 
their durability ; and the nearer a user of belts can approach the rule 
given for double belts, the longer his straps will last." 

Duration of Belts. 

S, "The power is taken from the jack-shaft from pulleys 12 feet 
diameter, 30 inches face, and communicated direct to main lines in 
each room by belts 24 inches wide, double leather. 

"These run 3780 Fpm, and are six in number, driving from 
highest to lowest power 175 horse each; required tightening three 
or four times iu the first three months, and never since. With 
proper care, will last 20 years ; with English leather, would last 
much longer." — Harmony Mill, Qtkoes, N. Y., E. Leigh, 

" In Pittsburgh, a 20-iuch gum belt has been in constant use lOi 
years, and notice is given of three 18-iacb belts which have been 
running for 9 years." — English paper. 



Example. 

ng a 5! feet pulley, turning 45 Rpm, 




A 12-inch belt, ■ 
9 carry away 12 horse-p 

B the equivalent of 6i.8 square feet of belt per i: 
le-power. 
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Rule for Horse-power of Belt. 

S50 HP 
DyiBpm. 



In which W= width of belt in inches. 

D =^ diameter of pulley in feet 
This gives a strain of 30 lbs. per inch of width of belt, and 91.63 
square feet of belt transmitted per horse-power per minute. 

Rure. 

S. "An empirical rule for aacertaining the width of belts that we 
know to be in use by some good practical men ia as follows : 

In which B =^ width of belt in inches, thicliness taken at -^ inch. 

N ^^ number of horse-power. 

n ^ number of revolutions per minute. 

d ==^ diameter of pulley in feet. 
Which equals 82.163 square feet of belt in motion per minute per 
horse-power," — Loud. Mech. Mag., March, 186S. 

Example. 

9, "A leather belt, 19J inches wide, is driven by a drum 11 feet 
in diameter, having iron arms and wooden lagging, and making 92 
Rpm ; consequently, the belt moves at the rate of 3179 Fpm. The 
amount of power transmitted by this belt is estimated at 175 hoi-ae- 
power, corresponding to a tension of the tight side of the belt of not 
less than 

17B X 33,000 



3179 



= 1S17 a 



The pulley driven by the belt is 6 feet in diameter, and is entirely 
of iron ; the peripheries of both drum and pulley are covered with 
leather. The belt i.'i made of two thicknesses of leather, cemented 
together, and is about | inch thick ; it was slightly greased on the 
inside with a mixture of tallow and neat's-foot oil. The slack side 
running upwards nearly vertically." 

The data above give 29.5 square feet of belt per minute, per horse- 
power, and a tension of 93,18 lbs. per inch wide. 
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Example. 

lOt "At a speed of 1800 Ppm on pulteytt over 36 iuches diam- 
f eter, every one inch wide will give 2 horee-power." 

This equaU 75 square feet pet miuute per boree-power. 

Example. 

11, A certain 6-inch x 12-inch cylinder horizontal engine, with 
plain alide v&lve, arranged to cut off at Jths the stroke, works under 
80 pounds of steam, has a 7-inch belt on a 4-feet pulley on engine 
shaft making 100 Rpm, and drives a 30-inch puUey on the "line" 
shaft about 4 feet above the cylinder. 

A 24-inch pulley on the other end of this " line," carrying a 7-ineh 
belt, with a " half-twiat," drove a 10-inoh pulley on a shaft about 18 
feet beneath the former. 

The 10-inch pulley shaft, in its turn, drove a certain machine, 
which consumed more power than the engine was capable of giving. 

The result was, the 7-inch belt from the lino to the 10-inch pulley 
would continue to slip, even when very tight and well covered with 
rosin, while the 7-inch belt from the line to the pulley on the engine 
shaft would hold firmly to its pulleys, and stop the engine. 

Crafts & Filbert's Loose Pulley. 

12. "The loose pulley shown herewith was patented Feb. 29, 1876. 
"Connected with machinery run at a high rate of speed, loose pul- 

s have been a source of coutin- 

. annoyance. They not only 

J re constant attention, but are 

I on the belt and take much 

Fig. 4 represents the loose 

dley 2 Inches smaller than the 

ight pulley and provided with a 

I eonical flange for the belt to run 

Knp on. 

*' The difference between the pul- 
Jeys will slacken up the belt 3 
jpches, taking the strain off the 
Bit and the friction from the pul- 

sy, and allowing the belt to contract when thrown off the tight 

The belt has a chance to give and take, as it is always in a 

k. condition when on the loose pulley, and should contract enough 




Kg. 4. 



mile;. 
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to keep it tight for a long period ; and whatever will relieve the belt 
of strain will add to its durability. There is coDsidemble wear and 
tfiar on a belt in shifting it with the ordinary puUey. lu starting a 
heavy machine it is necessary to hold the belt on with the ehiliter 
until the machine is under full headway. During that time the edge 
of the belt is rubbing against the shifter, tearing up the corners of the 
laps and wearing away the edge of the belt. Biit the flanged pulley 
should require very little aid from the shifter. When the belt touches 
the flange it immediately climbs to the tight pulley, and rem 
there — starting the machine quickly." — The Polijleehnic Remevi, 
Philadelphia. 

Example. 

23. The width of a certain belt is 18 inches, speed of same 1500 
Fpm, angle of belt with horizon 45°, distance between centres of 
drums 25 feet, diameter of driving drum 8 feet, of driven drum 4 feet. 

When this belt transmitted 20 horse-power it worked quite fi 
and well ; when the power was increased to 28 horse, a tightener bad 
to be applied. 

From the above data we deduce the following formula: 

HPxS\ 

=^ width of belt in inches. 

IHam. mnall pulley injeel 

If we consider this belt as transmitting 22^ horse-power, we shall 
have a constant travel of 100 square feet of belt per minute per 
horse-power, assuming the above conditions.- — Appleton'e Diet, of Mech. 

Example. 

J4. "A4-horseengine transmits its power through a leather belt 
over a eaat-iron pulley 4 feet diameter, running 100 Rpm, and em- 
bracing .4 of its circumference. 

"In this example the thickness of belt is taken at .15 inch, and 
the strain at 210 lbs., which gives 4.67 inches for width of belt, and 
122.26 square feet of belt per minute per horse-power, or 101.88 square 
feet, when .5 of the circumference of pulley is embraced, using Morin's 
ratio of 2 : 2.4. If thickness of belt be taken at ^ inch, and half 
the circumference be embraced by belt, then we have 81.376 square 
feet per minute per horse-power. 
^ "An 11-inch belt on a +feet pulley running from 1200 to 2100 
Ppm will transmit the power of a double steam-engine with 6-inch 
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X ll-loch cjlinders, 125 Rpm, under a steam pressure of 60 Ibe. per 
square iucb." — Haswell, 1867. 

Example. 
J5. A siugle leather bell in good driving condition has been fre- 
quently used iu testing ear-wheel forciug-presses. Under the follow- 
ing conditions this belt was repeatedly found to just do the work : 
Belt 6 inches wide, pulley 24 inches diameter, of iron, smooth turned, 
crank 2 inches radius, plunger j j inch diameter in a 1} inch barrel, 
nbydraiilic pressure 7000 lbs. per square Inch ; hence we have : 



(a, 



1 of Jj iiicha — 



iof%) 7000 



From this we may safely conclude the maximum driving force of a 
single leather belt to be near 100 lbs. per inch of width. — A. B. Couch. 

16. Molesworth's Pocket-Book of Engineering Formulae. 
I 17th Edition, London, 1875. 

I Leather Baiting. 

I F=^velocity of belt in feet per minute. 

SP^ horse-power (actual) transmitted by belt. 
iS:= strain on belt in ll)s. 
W^ width of single belting (j'g thick) in inches, 

8 = l!-i-kx. 

W^ .02 s. 

33,000 HP 



I 



i^l.l, .77, and .62 when portion of driven pulley embraced 
by belt ^ .40, .60, and .60 of the circumference, respectively. 
For double belting the width =Wx .6. 
Approximate rule for single belting -^ thick : 



W^ 



UOO HP 



.(a). 



The forrauliB above apply to ordinary case^, but are inapplicable 

to cases in which very small pulleys are driven at very high velocities, 
aa in some wood-cutting machines, fans, etc. The acting area of the 
belt on the circumference of the driven pulley being so small that 
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either great tension or a greater breadth thau that determined by the 
formula is required to prevent the belt from slipping. 

" In such extreme cases of high-speed belts, find the breadth of 
the first-motion belt, by the formula for ordiuary belting above (a), 
then if — 

A ^acting area of first-motion belt. 
V =^ velocity of first-motion belt, 
a ^acting area of high-speed belt 
1^^^ velocity of higb-apeed belt. 
Av 



" The actiug area of either belt = 1 x B. 

Where I ^= leogth of circumference of driven pulley embraced by the 
belt, 

b = breadth of the belt 



- ic the case of the high speed belt, 



firstmotion belt exclusively for the machine, it 
ppose a hypothetical case from which the breadth 



"If there is 
will be easy to 
of the high-speed belt may be calculated.' 

Rule (a) is the equivalent of 91| square feet of belt per minute 
per horse-power. 

Rule. 

17. Several years of satisfactory use of a table which purports to 
give reliable data about belts, would seem to clinch the truth of 
for power, and to show its value, we take from it a 6-inch belt i 
ning 2200 Fpm, and find it capable of doing 12| horse-power, which 
is the equivalent of 89.8 square feet per minute per horse-power. 



18. 



Rule. 
A rule to find the power of a belt may b 



e stated thus: Di- 
vide 1070 into the product of the belt's width iu inches, by its veloc- 
ity in Fpm, which proves it the equivalent of 89,17 square feet of 
surface velocity. 

Rule. 
19, Another takes this shape : 



W-. 



EP5400 



a whi<ji i^= width of belt iu inches, 
" HP— boise-power, 

" F^= velocity of belt in feet per minute. 

" d=: diameter of smaller pulley iu feet 

Tbifl rule ia handed down to ub by a good engiueer, who used it 
rith success for many yeara ; it has also the advantage of giving a 
margin of 25 per ueut. of adhesion before slippage will take place. 

Example. 
20> An horizontal nou-condensiug engine, with a cylinder 12 
inches diameter, 30 inches stroke, running 66 Rpm, under 72 pounds 
of steam in boiler, and an average pressure of 19,7 pounds of steam 
on piston, has a 13^-inch belt on an 8-feet fly-wheel pulley, which 
runs over a 4-feet pulley on a shaft 18 feet vertically above. Bpeed 
of belt 1658.58 Fpm. On one occasion the indicator showed 21 
horse-power transmitted; this would give 88.85 square feet of belt 
per horse-power per minute. 

Example. 

Hit An engine similar to that above, with 10 inches X 24 inchea 
cylinder, malting 80 Rpra, under 100 pounds of steam in the boiler, 
and showing by the indicator a constant work of 33 horse-power, has 
a 11^-inch belt on a 5-feet pulley on engine shaft. This belt is 
crossed and runs over a 34-ineh pulley on the "line" shaft 8 feet 
above and 18 feet distant. Number of square feet of belt trans- 
mitted per horse-power per minute 36.5. Speed of belt 1256 feet 
per minute. 

Example. 

Z2. An engine with steam cylinder 15 inches diameter, 36 inchea 
stroke; fly-wheel pulley 12 feet diameter, carrying a IT.J-inch belt, 
which passes over a 5-feet pulley, 6 feet above and 18 feet 6 inchea 
distaut; top fold of belt slack. 

Engine makes 48 Rpm under 65 pounds of steam, and by the 
indicator shows a work done of 40.7 horse-power. Speed of belt 
1809.12 per minute, and square feet of belt transmitted 64.61 per 
horse-power per minute. 

Example. 

S3. An horizontal non-condensing engine, with 11 incheax30 
8 cylinder, arranged with two steam and two exhaust valves of 
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the double beat balanced Cornish style, each operated by a cam, the 
two former under the control of the governor. A 10-feet fly-wheel 
pulley carries a 20'inch single leather belt. On the line shaft ti feet 
above and 15 feet distant is a 5-feet pulley, the belt passes over this 
pulley, the top fold running slack, "Under 80 pounds of steam in the 
boiler a pressure of 60^ pounds per square inch ou the piston is main- 
tained to the point of cut-off, which was one-third the stroke on oae 
occasion when the indicator showed a work of 29.27 horse-power 
speed of engine 56 Rpni. The load of this engine is very variable 
the average of a numbei 
of cards taken shows 25 
horse-power. Speed of 
belt 1758.4 Fpra, and 
number of square feet 
of belt per horse-power 
per minute transmitted 
117.2. 



Example. 

24. A. 20-iucli X 48- 
inch cylinder hori^outal 
non - condensing engine 
has a 16-feet fly-wheel 
pulley carrying a 24- 
inch belt,aud runs about 
50 Rpm. This belt 
drives a .5-feet 4-inch 
pulley, 32 feet distant in 
an angle of about 40", 
the top fold slack. By 
the indicator the engine 
is working up to 150 
horse-power. Speed of 
belt 2513 Fpm, and 
square feet transmitted 
per minute per hoi-ae- 
power equals 33.5, 




Fig. S. 



Example. 

25. An 18-inch X 36-inch engine, having a 14-feet 8-inch fly-wheel 
pulley, making 52 Rpm, carries two belts (see Fig, 5j ; a 15-inGh runr 
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sing over a 5-feet pulley directly above, 45 feet dislaut, anil a Iti-intrh, 
ruDDtng over a 6- feet pulley 20 feet distant, at an aogle of about 30°. 
Thie engine, under a boiler pressure of 85 lbs., sliowa by tlie indi- 
cator, 114.6 horse-power. Speed of bells 2392 Fpm, aud square feet 
of belt truusmitteil per minute per borse-power 34. 

Example. 
36. A 14-iucli by 36-iDch cylinder engine has a 12-feet fly-wheel 
pulley carrying an 18-inch belt, tight fold below, at an angle of about 
30°, Pulley on line shaft 6 feet diameter, and about 25 feet distant. 
Speed of engine 56 Rpm. Horse-power by the indicator 49. Speed 
of belt 2111.2 Fpm, and square feet per horae-power per minute 




Fig. 6. 



From J. W. Nystrom's " Elements of Meohanios." 
Philadelphia, 1875. 

37' " The best and simplest mode of transmitting motjon from one 
shaft to another, ia by a belt and pulleys, which is very extensively 
used, and it gives the smoothest motion. The motion is transmitted 
by the frictional adhesion between the surfaces in contact of the belt 
and pulleys, for which reason that friction must be greater than the 
tension of the belt; otherwise the belt will slip and fail to transmit 
all the motion due from the driving pulley. There is always some 
slip in belt and pulleys, for which reason that mode of transmission 
is not positive or exact, and cannot be used where precise motions are 
required. 
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" Fig, 6 represents a belt transtaitting motion between two parallel 
ahafts, a and 6. If the motion is transmitted from a to b, the pulley 
D is called the driving pulley, and d the driven pulley. The di 
eters of the pulleys can he of any desired proportiona to auit the work 
of the machine. 

D = diameter, and R = radius in inches of the driving pulley. 
d = diameter, and r = radius of the driven pulley. 
L :^ length, and B ^ breadth of the belt in inches. 
F:^ force of tension iu pounds of the pulling side of the belt. 
/ := force of tension on the slack side. 
V^ velocity of the belt in feet per second. 
S^ distance iu inches between the centres of the two pulleys. 
N and n = numbers of revolutions per minute of the respective 

pulleys, D and d. 
f = angle in degrees occupied by the belt on the small pulley, 
HP^ horse-power transmitted by the belt. 

" Revolutions N : n^=d: D, diameters. The revolutions are i 
verse as the diameters. 



D d n 



N 



"The force bearing in the journals of each shaft is F + f, or the 
sum of the tensions of each side of the belt. 

" The force which transmits the motion is F — /, or the difference 
between the two tensions. 

" The effective power transmitted is equal to the product of the 
transmitting force and the velocity, and this power divided by 550 
gives the horse-power. 

"Thelength,i, of the belt will be found by the following formula: 



L^>tiB + r)+S y/S' -f (fi — r)'. 



" When the diameters of the pulleys are alike, or i> = d, the length 
f the belt will be 



" The slip of belt on equal pulleys has been found by experience 
to vary between 2 and 3 per cent, under ordinary circumstances. 
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n ^ tbeoretical revolutions perminut* of the driven pulley. 
ictual revolution after the slip le deducted. 



ItOi 



Formulas for Leather Belts on Cast-iron Pulleys, 
e and Power of Transmlstion. Breadlh of Belti from Experiments. 



F-J^ 


mG600 HP 


F-f= 


I2G500 HP 
D N 


F-S= 


650 HP 
V 


BP= 


y(F-f) 

5S0 


flP= 


dn(F-f) 
1X6S00 


HF= 


DN(F-S) 
126500 


V= 


dn_D N 

SSO 2S0 


n — 


126500 HP 



d {F-f) 



777 G00 HP 



U F 



4 S2 F 
~'~d7 



J.SFV 
nd 



B^ndj_ 

777600 



16. 



Treatment and Condition of Leather for Belts. 
I ^. " I stuff my belts witii a. compoBition of two pounds of tallow, 
B pound of bay-berry tallow, aud one pound of beeswax, heated to 
B boiling-point, aud applied directly to both sides by a brush, after 
iich the belts are held close to a red-hot plate to soak the beeswax 
I, which does not euter the pores of the leather from the brush." 
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" Care must be taken to have the leather perfectly dry to prevent 
buruiiig. I placed a kettle of the composltJou over a blackam 
fire, aud aft«r melting it, I put iu a coil of 2-iDch belting about 16 
feet long, and boiled it 45 minutes io the greatest degree uf heat I 
cnujd produce by blowiog the fire continually, and the belt when 
taken out was not in the least injured by the heat of the composition, 
I then tried a piece of belting damped with water, and found it burnt 
and crisped ia less than half a minute." 

"The application of neat'a-foot oil to belts, opens the porea of the 
leather, and destroys the adhesion of its parts, aud in a very short 
time renders it flaccid and rotten, and a belt will not last half eo 
longstutfed witb oil as with the composition above named. Belts 
stuffed with the composition are impervious to water, and will run 
well for six months." — /. ff. B., Frank. Ins. Jour., June, 1837. 

"Fat should be applied to belts once every three months. They 
should be first washed with lukewarm water, and then have leather- 
grease well rubbed in. A good leather- grease may be made from. 
fish-oil, 4 parts ; lard or tallow, 1 ; colophonium, 1 ; wood-tar, 1," — 
Workshop EeceipU, by Ernst Span, London, 1875. 

Leather belts may be kept in good working condition by the judi- 
cious use of fisb-oil, mixed with spent grease of journal-boxes, and 
also by neat's-foot oil, which may be applied by a brush two or three 
times swept over after the belt has been soaked some ten minutes iu 

Whitaker's castor-oil dressing is one of the best modern adhesives 
for leather belts. 

" In order that belting of cotton or linen should have both strength 
and flexibility, together with increased adhesive power, they should 
be thoroughly soaked in liuseed-oil varnish. If the belting be new, 
the varnish may be applied with a brush, until no more will be taken 
up, whereupon it may immediately be used without any preparatory 
drying. Aflier having been iu use for some weeks, a second appli 
cation of the varnish should be put on. Cotton or linen belting thus 
prepared will neither contract nor stretch, and will always be pli- 
able and unaffected by change of temperature. The adhesion of the 
belt to the pulley is likewise increased by the varnish, while steam 
and acid fumes have no effect upon the belting at all." — Polytechi 
Review. 

Belts stuffed witb tauners' dubbing on the flesh side, wilt become 
as smooth as the hair side, and will outlast six belts which are run 
on the hair aide exclusively. 
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r Trequent application of neat's-foot oil promotes regularity of speed, 
hirability of leather, and economy of use. 

i Three times the adhesiveness is gained by sotlaeas and pliablenefis 
F belting leathers over those which are dry and husky, 
j A right good way to oil a belt is to unree! from one coil to another, 
plowing the loose fold to draw through a pot of oil, with rubbers at 
B outgoing part to wipe back the superfluous grease. 
" Keep belts clean by washing them with warm water and soda, 
rape them well and apply Ireely the spent grease of journal boxes." 

Influence of the Thickness of Belts. 
29' "When bent round the circumference of a wheel, the outer 
3 of the belt are distended, the inner parts relaxed ; and sup- 
ing the section of the belt to be rectangular, the amount of force 
Kpeuded in making these changes is proportional directly to the 
idth, to the square of the thickness, and inversely to the diameter 
r the wheel. Heace if two bells be of like strength, but the one 
and thin, the other narrow and thick, the amounts of force 
Rpended in bending them must be proportional directly to their 
picknesses, and hence the advantage of using broad thin belts." 
I " The practice of strengthening belts by riveting on an additional 
Kyer must be exceedingly objectionable : indeed, it is difficult to see 
V any additional strength is gained, for the outer layer must be 
t when on the wheel, and slack when free, so that iu reality, the 
rength of only one layer can he available, the parts of the com- 
l belt are puckered and opened alternately, as evinced by the 
fackliug noise." 
"The proper procedure is to increase the breadth of the belt." 
~ D far as we have yet seen, it is preferable to use heavy belts." — 
r. Meek. Journal, November, 1866, p. 240. 

Variation of Speed. 
} 30> From experiments made, it has been ascertained that about 
revolutions per hundred arc lost in the transmission of motion 
r a belt. In ordinary practice this would be a slight loss, and 
|ould in no wise interfere with the usual manufacturing processes, 
nt where there is a long train of gear repeated from shaft to shaft 
)r belts, the loss becomes serious. 

8 clear if the co-efficient of loss by slippage be .98 for a single 
, which has been verified with great certainty by varying the 
Qsions of the same belt, it will become equal to the 
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powers ; .93, .96, .94, .92, .90, and so od ; so that after s 

of five speeds the loss amouDts to j'jjth of the calculated speed, and 

that at the end of thirty-four speeds the velocity will be reduced to ] 

half. 

From these considerations it appears that where it is required to 
transmit speeds as near determinate as may be, by means of bands 
and pulleys it is necessary to increase the diameter of the driving 
pulley by rts fiftieth part, or diminish the driven pulley iu the same 
ratio. — See Land. Meek. Mag., March, 1863. 



Prof. L. G- Franck, in Joup. of Franklin Inst. (May, 1875), gives a 
theory of the tension of belts, from which we take the following. 

31- " The tension of the belt is counteracted by the cross^ection 
of the beH, that is 2JiS=^wlK, where w denotes the width of the 
belt, ( the thickness, both given in inches, and K the number of 
pounds which one square inch of belt will fairly resist, found by ex- 
periment. From equation (5), in article reierred to, we have 



which, if introduced into the above equatio: 
to w, will give 

'^~ tKR' 



and solved with respect 



(1) 



" In general M is not directly known, but the number of horse- 
powers the pulley shall transmit is given, and the number of Rpm 
of the pulley, or the number of feet that the belt travels per minute. 
From these data we are enabled to express S. Putting formula (1) 
in the form 

iK' ' ' 

n revolutions in one minute is expressed. 

SnRSn 



the dynamical effect o: 



" Number of horae-powers = N:= 
from which we get 

S3000N 
~ SnEn ' 
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wbicfa when introduced iiito equation (2^ gives 



where tc denotes the width of the belt Id inches, N the number of 
horse-powers, R the radius in feet, n the Dumber of revolutious, t the 
thickiieas of the belt, and K the resistance expressed in pounds 
which one square inch of belt can fairly counteract. Taking { = 
j^ inches, and for K, after Morin, 275 pounds. £* depends on the 
quality of the leather, and ranges from 275 to 550 pounds per square 
inch. 275 pouuds are recommended, however, by good authorities. 
Applying the latter we shall find, after reducing the above numerical 
values. 



^here the numerical value is rounded oB* to an even number. 

Example I. 

"A pulley of 1^ feet radius makes 80 Rpra, having to transmit 
B horse-power. What should be the width of the belt ? 

HereiV=i; n = SO,and 11 = I^ 



Hence W -- 



£50 



S5 



Scinches. 



Example 2. 

*A pulley of 3 inches radius makes 900 Rpm, and has to trans- 
it 2 horse-powers. What should be the width of the belt? 



N=8; 



= 900; Jt = 



W=- 



900 X J " 

"Solving equation (3) with respect to N, we find : 

2V=^^^. (4) 

350 

r Giving to w the exceptional width of 6 inches for a single belt. 
I assuming n = 100 Rpra, and further the radius of the pulley 
= 1 fijot, we find the number of horse-powera : 
'jy. lOOy. 1 



'25 



= S4 horse-povxra. 
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"The number of horse-powers that are obtained is comparatively 
small, and it indicates that with pulleys and belts we cannot produce 
a very great effect unless we make the radius of the pulleys very great, 
and apply an exceptionally great speed. 

"I should mention that the above f'ormulre refer to pulleys with 
open belts only, and that it is of no consetjuence whether the radius 
and respective number of revolutions are taken from the greater or 
smaller pulley, as the numbers of revolutions are in an inverse ratio 
to the radii of the pulleys. That is: 

— = ^. Hence, iiw^ if, «,. 

fi, ft 

" If the belt is made up of two layers or thicknesses, so that such 
a belt of the same width as a single one contains the double cross- 
section, we still may apply the upper tbrmula, if we multiply it by f , 
owing to the greater stiflhess of the belt. 



Example. 

" In order to transmit 4 horse-powers, we have a pulley 1 ft. 8 ii 
by 120 Kpm. What should be the width of the belt? 

N=^; R=l\ji.; n= mO. 

2.50 Ii t 330 y. 4 „i . , 



W=\ 



nR 



130 xi 



" For the single belt we should have received : 
W^ I X Ji:^o indiei." 



Note 1, — "As great nicety is not required in these calculations, 
the co-efHcient of friction may be takeu in general as 0.25 and the 
arc covered by the belt as ^V "f the circumference of the smaller 
pulley." 

Note 2. — The reader should observe that the figures of these ex- 
amples show a velocity area of the belt of 130.83 square feet per minut« 
per horse-power, which, with good single leather belts in fair working 
condition, is an allowance of nearly double the quantity needed under 
ordinary circumstances, for proof of which see other arlicleB, 
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Running Conditions. 

33- " The Black aide on top, with large pulteya at high apeed, is 
undoubtedly the true philosophy of transmitting power by belt*." 

Not speed alone but adhesive force must be gained to do work 
without destructive tightness or slippage of the belt, therefore, there 
should be a proper proportion of pulley diameter and belt contact. 

Long belts are preferred to short ones, but cure must be taken that 
the length be not too great. 

We have a case in point where a 60-inch pulley at 45 Rpm drove 
a 15-iueh pulley, about 50 feet distant, by an 11-inch lieit, 109 feet 
long. The tops of the pulleys were nearly on the same level, and the 
belt was crossed. 

This belt was continually flapping about, soon became crooked and 
irregular in width, and was frequently toru asunder at the lacings by 
excessive tension, and the whole arrangement proved very trouhle- 
8ome until changed to the following : The speed of the 60-inch and 
the diameter of the driven pulley were doubled, and the distance be- 
tween their centres was reduced to 15 feet. The belt now drives with 
more power, gives greater regularity of speed, and works better every 
way. 

Another case of excessive length, which has come under our notice, 
is that of an 11-inch open belt on a 4-feet pulley, running horizon- 
tally at a speed of 2261 Ppm over a 32-inch pulley, 30J feet distant. 
To prevent surging, this belt must be drawn and laced very tightly; 
too much so for economical running. 

Some facts illustrating the evils of short belts were given to me by 
a friend. 

A 30-inch pulley, running 127 Rpm, drove a 9-inch pulley by a 
6-ineh belt 14 feet long, the shafts were nearly in a horizontal plane, 
and the lower fold of the belt did the driving. 

To do a certain woik this belt frequently slipped, even when tightly 
drawn, so much ao that it tore out at the lacings almost daily, and 
flometimea three times a day. 

After much inconvenience it was changed for a belt 44 feet long; 
the 9-inch pulley shaft being removed horizontally to accommo- 
date the increased length, while all the other parts remained the 

It now performs most satisfactorily ; it does not slip, holds at the 
lacings, and the alack fold above sometimes nearly touches the driving 
one beneath. 



I 
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The 9-ineh pulley shaft carries an 18-iuch pulley, which, in its turn, 
drives a 7-iiich pulley below on an Alden fan Bpindie. 

"A belt adheres much better and is less liable to slip when at a 
quick speed than at a slow speed. Therefore it is better to gear a 
mill with small drum3, and run them at a high velocity, than with 
large drums, and to run them slower ; and a mill thus geared costs 
less and has a much neater appearance thau with large, heavy dmms ; 
and in belting, if the power of a belt 18 inches wide were required, 
it would be better to put in two 9-inch belts than one so wide, owing 
to the greater inequalities of leather in such large pieces causing losa 
of adhesion."— i: H. B., in Frank. List. Jour., June, 1SS7. 

Convexity of Pulleys. 

33. Morin says ; " The pulleys over which leather belts pass ought 
to have a convexity equal to about -^ of their breadth." 

London Mech. Mag. for March, 1863, says: "Belt pulleys should 
be made slightly convex, in a. ratio of j inch per foot of breadth." 
Molesworth says the same. 

Another proportion is \ inch rise in 8 inches of width. Still 
another, | inch to the foot. 

" The rounding should be made as slight as is consistent with 
security, since every deviation from the cylindric form is accompanied 
by a loss of force." 

" In their progress round the wheels, the dilierent parts of the belt 
are stretched and relaxed alternately. Now, if the material were 
perfectly elastic, the force expended on the distension would be repro- 
duced on the contraction of the belt. As the loss by this imperfect 
elasticity is not known, it will be enough to observe, for the present, 
that the loss of force will certainly be greater, the greater the dis- 
turbance of the particles — the higher the rounding of the pulleys." 

Why a Belt Runs to the Higher Part of a Pulley. 

34l. Much disputation has been published in efforts to solve the 
question: Why does a belt run to the higher part of a pulley? There 
may be several causes, hut the chief one is embodied in the following 
words : " That edge of the belt which is towards the larger end of the 
cone is more rapidly drawn than the other edge ; in consequence of 
this the advancing part of the belt is thrown in the direction of the 
larger part of the cone, which obliquity of advance towards the cone 
must lead the belt on its higher part. 

"It may here be observed that this very provision — the rounding 
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of the face of the pulley — which keeps the belt io its place bo long 
as the machinery is in proper action, tends to throw it off whenever 
the resistance itecomes so great as to cause a. slipping." 

" To tnaintaiD-a belt in position on a pulley, it U necessary to have 
the advaaciug part iu the plane of the wheel's rotation." 

Superiority of the OHving-Belt. 

35. "There is no simpler or smoother means of commiinicaling mo- 
tion than that afforded by the noiseless agency of cords, bands, or straps. 
The very means by which the motion is maintained — namely, by the 
fictional adhesion between the sur&ces of the belt and the pulley- 
is a safeguard to the whole mechanism, as, if any unusual or acci- 
dental obstruction should intervene, the belt merely slips, and break- 
age and accident are thus prevented," — London Mech. Mag., March, 
1S63. 

"The facility with which this communication of rotary motion 
may be established or broken at any distance, and under almost 
every variety of circumstance, has brought the band so extensively 
into use in machinery, that it may be considered as one of the prin- 
cipal channels through which work is made to flow." — Moseley. 

Covering for Pulleys. 

3G. Pulleys may be well covered in the following manner: — 
Take a piece of belt-leather of uniform thickness the width of pulley 
face, and of a length equal to circumference of pulley, plus the lap, 
but less J inch for every foot of diameter of the pulley, then scarf 
and unite the lap so as not to increase the thickness when cemented 
together. When ready for use draw the covering on by means of 
iron hooks, observing to put hair side out and so that outer end of 
lap will not be raised when covering slips under the belt. Secure Uy 
the pulley rim by copper rivets, sinking heads beneath the driving 
I mrface. 

The laps of all belts should be disposed in a similar way. 

EiTect of Digproportion of Connected Machinery, 
I 57. Sometimes a belt works badly from causes outside of its own 
ition and proportions. 

'" I have a case in practice which will forcibly illustrate this. A 
!h pulley, on the " line " shaft, drives a 5- feet pulley on a 4-inch 
at the rate of 73 Bpm, by a 12-ineb open belt. This shaft is 
8 inches below, and 2 teet aside of the "line" shaft, and car- 
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riea aD 8-feet fly-wlieel of 3750 Iba. weight on its middle, and a crant, 
with a double piu, on its overhanging end, which latter is connected 
with and drives two marble saw-frames, one very heavy, the other of 
medium size. The belt runs slack and free, and has not been touched 
at the lacings during six months of very steady and satisfactory 
running. 

Before the 8-feet fly-wheel was put on, a 6-feet fly-wIieel, of about 
1450 lbs. was used, which a long, troublesome experience proved 
altogether inefficient. The belt had to be run very tightly; it tore 
frequently at the lacings — even when the laced ends were doubled to 
make the stronger joining — and at all times while running the lack 
of momentum of the wheel caused unsteadiness of motion iu the whole 
system of gearing in the mill. 

Care of Belts. 

38' In order to have belts run well, they should be perfectly 
straight and be of equal thickuesg throughout their length, have but 
one laced joint ; but if circumstances require any belts to be com- 
posed of several pieces, the ends should be evenly bevelled, and united 
by one or other of the permanent ways mentioned hereafter. The ends 
to be laced should be cut at right angles to the sides, the lace-holes 
formed by an oval punch, reducing the cross-section of belt the leaat, 
and the lacing put in evenly, of equal strength at the edges of the 
belt, and no crossing of laces on the inside. If copper or other rivets 
are used, the heads should be " let in " rather below the level of the 
inside surface of the belt to prevent contact with the pulley, aud the 
washers placed on the outside surface. If the bevelled aud lapped 
ends are sewed, the waxed ends should be " laid in " flush on the 
inside of the belt to prevent wear. 

Belts and pulleys should be kept clean and free from accumulationa 
of dust and grease, and particularly from contact of lubricating oils, 
some of which permanently injure the leather. 

Quick motion belts should be made as straight and as uniform in 
section and density as possible, and endless if practicable, that is, 
with permanent joints. 

Horizontal, inclined, and long belts give a much better efiect thau 
vertical and short ones and those which have the driving side below 
than otherwise. 

Belts which run loose of course will last much longer than those 
which must be drawn tightly to drive, tightness being evidence of 
overwork and disproportion. 
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[Eteners shoul | never be used ; but when they must be, they 
should always be ts large in diameter, and as free ruuDiug as can 
k, and should be applied to the slack eide of belts. 

The moat effective tightener is the weight of the belt on its alack 
aide, which increases adhesion by increasing circumferential contact 
with the pulleys. 

" Belts which run perpendicularly ebould be kept tightly strained, 
and should be of well-stretched leather, as their weight tends to de- 
crease their close contact with the lower pulley." — J. B. Hoyt <t Co. 

"Bella of coarse, loots leather will do better service in dry, warm 
places; for wet or moist situations tliejiuMfaud^n/ieat leather should 
be used." — J. B. Hoyt & Co. 

" Care should be taken that belts are kept Boft and pliable. The 
question is often asked : ' What is best for this purpose ? ' We advise, 
when the belt is pliable, and only dry and husky, the application 
of blood-warm tallow ; this applied, and dried In by heat of fire or 
suD, will tend to keep the leather in good working condition ; the 
oil of the tallow passes into the fibre of the leather, serving to soften 
it, and the steariue is left on the outside to fill the pores and leave a 
smooth surface." 

" The addition of resin to the tallow for belts used in wet or damp 
places, will be of service and help preserve their strength. Belts 
which have become hard and dry should have an application of 
neat's-foot or Hver oil, mixed with a small quantity of resin; this 
prevents the oil from injuring the belt and helps to preserve it. 
There should not be so much resin as to leave the belt sticky." — 
J. B. Hoyt & Oo. 

Eel-ekin Bands and Ropes. 
3Q. "I have used eel-skin upwards of twenty years, for drilling 
holes for pearls and diamonds, by which means I have a knowledge 
of its utility. I have tried whip-cord, which will not last an hour; 
I have tried also cat-gut, and that indeed is very little better. An 
eel-skin cut in three or four pieces of the same size as the gut, or 
string, will last for three or four months certain, which shows the 
little wear to which it is subject. I have had them on the shelf for 
from six to twelve months, in the dusty shop, till they have been 
quite bard, yet they are as good aa ever. . . . My business is 
^at of a goldsmith and jeweller." — Joa^k WiUiams, England, 
" Jmtm<U Franklin InsL" April, 1S44- 
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Driving Power of Belts. 

40. "As regards the width of the belt, tfiia will be found ample 
with respect to friction, if we calculate the cross-section of the same 
for the strain to be transmittod, in which case ^ of an inch square is 
allowed for every 5 lbs. Htraiii," — C. D. Abel, in Weale's Series. 

"Moriu concludes that we may, without any risk, aud with the 
certainty that they will run a long time, make them support tcDsions 
of 355 lbs. per square inch of section." — Frank. Iiist. Jour., July, 
ISU, p. 27. 

" Good belting of, say, ■^^ inch thick, should sustain a tensional 
strain of 50 lbs. per inch of width, and without serious wear, for a 
long time," — Appleton'g Meek. Mag, 

Haswell, in hia Engineer's Pocket-book for 1867, says: "A leather 
belt will eately aud coutinuously resist a strain of 350 lbs. per square 
inch of section." 

We are indebted to Prof. R. H. Thurston, for the following: 

7000 y. HP 

In which «»=: width of belt in inches. 

flP ^= indicated horse-power transmitted. 

S ^= portion of circumference of smaller pulley covered by 

belt, in feet. 
V^ velocity of belt, in feet, per minute. 

Prof. Thurston considers 100 lbs. per inch of width on ordinary 

belting of, say, ^ inch thick, a fair working load. Then calling 

= tension, and inserting same in the formula above, we have: 
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Cone Pulleys. (From "Rankine's Rules and Tables.") 

41. " To find the ratio of ike speed of turning of two pulleys con- 
nected by a baud. Measure the effective radii of the pulleys from 
the axis of each to the centre line of the band; then the speeds of 
turning will bo inversely as the radii. 

" To design a pair of tapering epeed-cones, so that the belt may fit 
equally tight in all positions. 

" When the belt is crossed, use a pair of equal and simitar cones 
tapering opposite ways. 
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" When the belt is uncroBsed, use a pair of equal and similar con- 
oids tapering opposite ways, and bulgint/ in the middle, according to 
the following formula: Let o denote the distance between the axes 
of the conoids; r, the radius of the lai^rend of each; r, the radius of 
the smaller end ; then the radius in the middle, r,, is found as follows : 



"Line upon Line, here a Little and there a Little." 

42' Esperieuce says, the grain side of a belt put next to the 
pulley will drive 34 per cent, more than the flesh side. 

" Every one knows that the strength of belt leather is on the hail 
ude." To be convinced of the contrary, see Article Ko. 49. 

If variation of speed has resulted from changing belts, then the 
thickness of the belt is the cause. Bome engineers add the thickness 
of the belt to the diameter of the pulley in their calculations for 
exact transmission of speed. 

It is not adhesion alone we want to prove the better belt; beyond 
a certain amount it is rather an injury to the belt than an advantage 
in its use ; for slippage is to be preferred to abrasion, when rapid 
destruction of the belt would result from the closeness of its sticking. 

Put the horse-power above and the speed of the belt in hundreds 
of Fpm below, draw a line between and you have a fraction whose 
equivalent is the width of the belt in feet. To make this rule ap- 
parent, consider the following example, in which 36 horse-power is to 
be transmitted by a belt moving 1800 Fpm ; how wide should the 
belt be? 

36 ^ . 




leriments show that a j inch round belt is more than equal to a 
one inch flat, and a ^ inch round more than a 3 inch flat, I'lt so far as 
adhaive qualify/ is concerned. The rounds, of course, must be used in 
V-gTOOved wheels; comparative durability will depend much upon 
quality of material and circumstances of use. 



Don't put a crossed belt o 
will be torn up, and joints si 



that at the place of p 
a, short time. 



s; the laps 
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Don't cross the lacing of a belt joint on the inside, wlien there u 
way to avoid crosaing the lacing at all. See Article No. 144. 

Of course bells are weakened by punching tor lacea or rivets just 
in proportion to the amount cut out; it is therelbre m 
row the punch, say to an oval form, to reduce the number of holes 
to the least, or to range them fore and aft, preserving; 
stance in any straight line across the belt. 



Experiments have shown that | of the breaking strain of the solid 
part wUl start rupture at the la«e holes in leather belts, and that 
they will endure J of the breaking strain for a week without appear- 
ance of fracture. 

We thank a correspondent kindly for having exercised hia ingd; 
unity upon methods of strengthening lace holes, especially in gun 
belts, and after much experimenting has generously presented to u| 
this result : " With large oval eyelets, securely put in, the breaking 
strength of the joint was nearly up to tliat of the solid section." 



AEule.- 



HP^- 



1- Fpm X width 



Driving value of double beltd as compared with single leather, 



Leather belts should not be forced o 
over ^tli of their breaking strength. 



-'»th, and rubber belts not 



"All belts riveted to run with the grain side next pulley. They 
will do one-third more work than with flesh side to pulley — will la« 
longer, and will never crack.'" — English Adverdsement. 

Thoroughly stretched belting leather is more liable to tearing at 
the lace holes under undue strains, because less elastic ; but it muB& 
not be condemned on that account. A belt poorly stretched vii% 
yield too readily to strains, and will require re-tightening often. 

Rule for Piecing out Belts. 

43. In order to calculate the changed length of belt when t 
different size pulley ia put on in place of one removed, take out or 
the belt or put in 1^ times the difference of the diameters of th^ 
pulleys. 

Thus ; If you take off a 24-inch pulley and put on a 30-iQch on(( 
you will want to add 30 — 24 x Ij ^ 9 inches of new belt to thf 
existing one. 
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Thia rule provides simply for the approximate difference of semi- 
tircnmfereiicea of the two pulleya thus : 

27Mt ciV. o/ SO = 94.24 
The dr. qJ U ~ 75.39 
S) 1SM 
9.435 
Example. 
44. In hoisting the nmterials fur the towers of the CincinDati 
bridge, Mr. John A. Roebling, C. E,, used engines of 10 inches hore 
flU(i 20 inches stroke, making 80 to 150 Rpm, aud working under a 
steam pressure ranging from 60 to 80 pounds. 

The power of these engines is transmitted by a 9-inoh leather belt, 
from a 4-feet iron pulley on the engine shafi, to another 4-feet pulley 
ou the pinion shaft. This pinion is 14J inches diameter, aud drives 
a6-ieet spur-wheel r on the shaft of this latter is another 14^ inch 
pillion, gearing into another 6-feiit spur-wlieel, on the shaft of which 
is secured a 3-feet drum. This drum carries a 1^ Inch diameter wire 
rope, connected directly to the loads to be lifted. 

A block weighing 8400 pounds can be raised at the rate of 50 feet 
per minute by pressing the tightener down so that the belt laps on 
fths of the circumference of the 4-feet pulleys. 

Willi a load of 10,200 pounds the belt slips, and its splicings and 
safety are endangered by too severe an application of the tightener 
which ia necessary to lift this weight. A load of 8000 pounds may 
tirarefore be considered a fair working condition of the belt, which 
indeed it has endured nearly three seasoos without failing. 

Blocks weighing 8000 pounds have been frequently raised 150 feet 
lof^ in two and a half minutes without slippage of the belt. This 
speed IB equal to 60 Fpm, aud the duty performed is equivalent to 
60 X 8000 = 480,000 lbs. = 14,54 horse-power, speed of belt being 
1885 Fpm. 

Quantity of tielt running per minute, per horse-power ^ 97.232 
^uare feet. 

Combined Strap-Shifter and Stop-Motion. 

45. In the use of sewing-machines it is as necessary to atop them 
instantly as to drive them rapidly, particularly for manufacturing 
purposes, where a speed of some 6000 stitches per minute is made, 
and where the machines are repeatedly started and stopped for 
changing the direction of the seam as well as the pieces to be sewn. 
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Fig, 7 illustrates a little device which answers this purpose so well I 
that it deserves a record among the good things employed in the beat | 
use of belting. 

The shiftiDg-bar, A, guided by the staples, B and C, secured to the ] 
table, K, has a notch in its side for embracing the round belt. G, 
which drives the machine, and carries a brake, H, of leather, secured 
by an adjustable screw, to the bar, aud in such position that when the 1 



^ 




Fig. 7. 

cord is on the loose pulley, J, as shown, the brake is held firmly 
against the tight pulley, I, by the spring, D, which is always in 
action. 

To start the machine, the foot of the operator is pressed upon ft 
hinged treadle, which is secured to the floor, and attached by a cord, 
E, to the shifting-bar, the direction of its motion being changed by a 
pulley, F, also fixed in the table, K. This action draws the brake, 
H, from, aud puts the belt on, the tight pulley, I, at the same time 
distending the spring, D. When the foot is lifted, the recoil of the 
spring pulls the belt over on the loose pulley and holds the braka 
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Bgainst the tight pulley, instaotly stopping the machine and holding 
it still, without attentiou or effort of the operator, until motion is 
needed again, which the simple act of pressing the foot produces at 

Atmospheric Influence on Adhesion. 

IS. The adheeioQ of belts to pullej-a is frequently attributed to 
EEe pressure of the atmosphere, and in order to show how much the 
air influences belts in this particular, the following eimple experi- 
menta are presented. 

Take a circular disc of leather, say 3 or 4 inches diameter, with 
knotted string secured in its centre, and, when well water-soaked, 
press it upon any level wetted surface. The " boys " call this appa- 
ratus a ''sucker," and it well illustrates the phenomenon of atmos- 
pheric pressure, or "suction," as it is usually culled. 

If an effort be made to draw it away from this surface by the string, 

it will be found resisting very forcibly, but the gentlest pressure will 

slide it on the wetted surface; it does not offer the slightest oppoai- 

tiun to motion in the direction of its face, nor will it resist removal if 

^^jMfld first at the edge and then peeled off. 

^^^^B Btmosphere does not press two bodies together when it can get 

^^^^^^ them; it is only when excluded by a tight joint that the 

^^H^Bcpment of its pressure is possible, and it becomes sensible only 

when an effort is made to separate them by a force acting at right 

augles to the plane of their faces. 

Another simple experiment shows that when two level, smooth, and 
clean surfaces come together by a motion like the closing of a book — 
which is similar to that of a belt coming in contact with its pulley — 
there will be retained between the two a thin film of air, aud, while this 
remains, the contact of the two is imperfect, and the sliding of one over 
the other is easily performeil. Take two iron " surface-plates " which 
have been scraped down to a practically perfect plane, and lay one of 
ihese on the other like a belt goes to a pulley ; they will be found not 
ill contact at all, but as if floating one on the other, and the top one 
will slide offby its own weight at the least inclination of the lower one. 
Much of this interposed film of air can be displaced by a sliding 
of one plate ou the other, starting, say at one corner, with the plates 
in close contact, and carefully pushing one over the other, holding It 
the while close to, as if to keep the air out. Then, indeed, an obsti- 
nate resistance to sliding will be felt, and the friction of nearer cou- 
lact will be made thoroughly sensible. 
^ut this way of bringing surfaces into contact has nothing to do 
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with belt action, except to prove the need of a plastic surface on belt 
and pulley which will enable them to adhere, while in contact, with 
Bufficieot force to prevent sliding, and at the same time be uninilu- 
enced by the intennediuin of air. 

And lastly, in order to put the matter to actual t£st, an apparatus 
was constructed, such that a leather belt was made to slide on the 
face of a smooth iron pulley, aud also to drive the same iron pulley 
up to slipping of the belt. In both cases tlie adhesion or driving; 
power of the belt was held by a spring-balance, so that the work of 
the belt could be observed. 

Experiments were tried with this mechanism placed in a bell-glass 
jar on an air-pump plate, with and without air in the jar, and if any 
difference was observed in the adhesion of the belt to the pulley, it 
had more in vacuum than when the atmosphere was present. 

Messrs. J. B. Hoyf Si Co. kindly permit me to reproduce their 
valuable practical statements and experiments. 

4Tt " Good leather belts can only be obtained hy employing good 
materials. We stretch every piece by powerful machinery, joint it 
and secure it in such a manner as that both sides will present an 
even surface to the pulley, aud run on it as though it were one strip. 
The fact that there is a great want of information in relation to the 
selection and use of belting must be apparent to all who have given 
thought to the subject. While the ' what, how, and why ' of every 
other subject connected with machinery seems to have been exten- 
sively considered, that of belting has heeu almost entirely passed over. 

" We have inserted a useful table, with calculations and deductions 
from it Tliese we believe to be correct, the experiments having 
been made at our factory. 

" This table gives the relative driving power of leather belting, 
with both grain and flesh side to pulley; also, of rubber, gutta- 
percha, and canvas. The pulleys on which the experiments were 
made were the same in size, on one shaft, and their surfaces sev- 
erally of leather, polished iron, rough-turned iron, and of polished 
mahogany. The bauds were passed over the pulley, one end made fast 
and stationary, and on the other one pound weight was suspended to 
every square inch contact surface of the band and pulley. 

"The number of pounds required to slip the band is given; also, 
number of pounds strain on the band at which it will cease to slip ; 
and also, number of pounds required to make it continue to slide. 

"The belts were in like condition, aud had the same contact sur- 
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lesame etmin ; consequently it is easy to determine the relative 
Tnlue of each for driving naachinery, also that of the pulleys. 
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bell (slmiMt, not quits) illp oier Itae piiMejr. 

f-" Cesw to illp" mien lo tlul point whsD the belt bu Juat slipped otst the pulley mi 
takes 1 new hold. 

fSlide-' refen lo that coDdUloD whea tho motion of elthsr belt or puU«]r ceuea while 
Ihs other puHS over It. 

«^ Uellf BK liable to ntreifh inors ot le«, decreulng their ten^n, to that Iher will lUp— 
^±tmet the oeusuJtir for the abovn dialinttion. 

^^^H Deduotiona and Conclusions drawn from Table. 

^^^^pPullcys covered with leather, with graiu side of Imud to pulley, 

I will sustain 50 per cent, more resistance than without the pulley being 
covered. The per cent, of resistance of the bands on the diflereot 
pulleys is nearly as follows, and this per cent, will indicate the rela- 

! live working value of each pulley respectively ; 

I Iron pulley covered witli leather 36 per cent. 

^^ " polished 24 

^^^L rough turned 15 

^^^1 Wood pulley, polished mahogany 25 

^^M 100 

^^^B" Full 6 per cent, should be added to the polished iron pulley, to 
^^MMke allowance for the difference between oomraenciug to slip and its 
^^^IWing ; thus making polished pulley 30 per cent., or nest in value 

to leather. 

"The relative or comparative working per cent, of the different 

bands, as indicated by the table, is nearly as follows : 
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Leather, grain side to pulley 31 per cent. 

flesh " " 23 " 

Rubber 21 " 

Gutta-Percha 14 

Canvafi ■ ■ 11 *" 

100 

"Thus leather belts, grain side to pulley, will drive 34 percent. 
more than flesh side to pulley ; 48 per cent, more than rubber ; 121 
per cent, more than gutta-percha ; 180 per cent, more than canvas ; 
consequently, the very best arrangement for belting is to use it with 
grain side to pulley, and have the pulley covered with leather. This 
is best in all cases. The next best pulley is polished iron, especially 
for quick motions ; polished wood next, aud rough iron least in value. 

"Leather, used with grain side to pulley, will not only do more 
work, but last longer than if used with flesh to same. The fibre of 
the grain side is more compact and fixed than that of the flesh, and 
more of its surface is constantly brought in contact, or impinges on 
the particles of the pulley. The two surfaces — that of the band and 
that of the pulley — should he made as smooth as possible , the more 
so the greater the contact surfaces, and the more the particles of each 
impinge on the other. The smoother the two surfaces, the less air 
will pass under the hand and between it and the pulley — the air 
preventing the contact of band with pulley — the greater this contact, 
the more machinery will the band drive. The more uneven the sur- 
face of band and pulley, the more strain will be necessary to prevent 
bands from slipping. What is lost by want of contact must be made 
up by extra strain on the band, in order to make it drive the ma- 
chinery required — oftentimes, if the band is laced, causing the 
lacings to break, the holes to tear out, or fastenings of whatever 
kinds to give way. 

" This want of contact is noticeable on most of new bands used with 
flesh side to pulley, and is distinctly marked by dark impressions on 
the baud where it comes in contact with the pulley. Otleutimea not 
half of the surface will be found to have come in contact, and, until 
it is worn smooth, or filled in with other substances, the full extent 
of the power of the band is not obtained. . - . 

" Bands used with grain side to the pulley will never crack ; as the 
strain, iu passing it, is thrown on the flesh side, which is not liable to 
crack or break, the graia not belug strained any more than other 
portions of the band. 
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Rule for detornilning the Width of Belts. 
^^ 5m HP 
V C 

1 wbich W=^mdtik of belt in inches. 
HP= horse-power traDsmitted- 
Y^ velocity of belt per miuute in feet. 
6'= part of circumference of smaller pulley iu contact 
with belt ill feet. 



We take pleasure in presenting the following facts contributed 

by Alexander Brothers, manufacturers of Oak-Tanned Leather 

Belting, Philadelphia. 

49, "It is conceded by all practical men, that oak-tanned slaughter 
leather is the beat material for belting, and as inferior stock such as 
chemical tanned and hemlock leather, colored in iTnUation of oak, by 
means of quercitron, sumac, etc., is largely used in the manufacture 
of belting, purchasers should be cautious, in buying, not to get any 
but pure oak-tanned leather. 

" The strongest part of belt leather is near the flesh side, about 
one-third the way through from that side. It is, therefore, desirable 
to run the grain side on the pulley, in order that the strongest part 
of the belt may be subject to the least wear. 

" In order to prove the above assertion, we split, in our machine, 
a strip of ordinary tielt leather exactly in the middle of its thickness, 
and then subjected each half to a hreakhig tension, which gave the 
following results : — Grain side half broke under a direct strain of 
168^ lbs. Flesh side half sustained 740^ lbs. 

" A part of the grain side half is of the same kind of fibre as that 
of the flesh side, and as the grain extends but about one-fourth 
the way through a bide, much of the strength of the grain half in 
this experiment Is due to the flesh part adhering to it. 

"The flesh side is not liable to crack, as the grain sometimes will 
do when the belt is old, bence it is better to crimp the grain than to 
stretch it. 

"Another important reason for running belting with the grain side 
ou the pulley, is to get greater driving power ; that being the smooth- 
est aide, it will hug closer, is less liable to slip, and will drive 30 to 
35 per cent more than if run the other way ; and if the pulley is 

^ered with leather, grain side out, there will be still greater fric- 
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tioii. Therefore a belt will ijo more work aud wear longer c 
leather- covered pulley than on auy other. 

" Belts should nvl be soaked in water before oiling, aud penetrating 
oils should but seldom be uaed, except occasionally when a belt 
very dry and huikv from neglect, it may be moistened a little aud 
then have straits or neat's-foot oil applied. Frequent applications 
of such oils to a new belt renders the leather soft and flabby, thus 
causing it to stretch and making it liable to run out of line. A com- 
position of tallow and oil, with a little resin or beeswax, ia better to 
use. Prepared castor-oil dressing is good, and may be applied with 
a brush or rag while the belt ia running," 

" We fiud the average permanent stretch of oak-tanned leather for 
belting to be about .725 in. per lineal foot, or as follows : 

" Average stretch of back pieces per foot, .662 inch, 
middle cuts " .75 " 

" " lower edge " .875 " " 

Cones of Pulleys. 

SOm When 2 cones of pulleys, or " stepped cones," are mEide 
alike, ('. e., with equal steps, such that the sum of the diameters of 
each belted pair ia the same, a crossed belt will run with equal tension 
on any pair ao made, when the shafts are parallel and the con» 
reversed ; but an uncrossed belt will not so run on such cones. 

To show why the open belt will not have equal tension on all the 
pulleys, let A B, Fig. 8, be two equal stepped cones on parallel axes 
A E and B D. Now, if the sum of the diameters of the extreme 
pulleys E and F be equal to the sum of the diameters of C and D, 
the connecting strips E F and C D of the belt will be equal, because 
the enrolled parts are equal by the construction of the cones ; hut E 
F and C D cannot be equal, because they are not parallel, and hence 
it plainly appeara that C D, being at right angles to the shafts, 
shorter than E F ; therefore, to preserve a certain tension of the belt 
when on the extreme pulleys, the middle pulleys must be larger than 
the size given by equal steps In order to take up this difference. 

To find the proper diameters of the intermediate puUeya for open 
belt cones, firat get, by Rankine's rule. Art. 41, the radius N O from 
the given radii I J, K L, and distance between shafts and through 
the points J O L describe a circular arc, upon which draw the faces 
of all the pulleys in the series as shown. Make both cones by thia 
rule, and an open belt wilt run upon them with equal tension. 

Unequal cones may be made in like manner by drawing 2 sini 
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eones, and then uaing, say S T V of the large end of one, aoil X Y Z 
of the email end of the other, as ueeded to serve the purpose. 




For wheels driven by round liauda in V grooves t 
apply, observing that the effective dianieters must be taken at the line 
of band contact in the grooves, which are the actiog circles of adhe- 
sion. All the grooves must be alike, and should have concave instead 
of straight sides, like a Gothic arch, aud the baud must not touch 
the bottom of the groove. 



Sit " The effective radius of a pulley is equal to the radius of 
the pulley added to one-half the thickness of the belt. 

"In ordinary cases a belt will last about three years. 

"Leather belts must be well protected against water, and even 
moisture. 

"India rubber is the proper bu balance for belts exposed to the 
weather, as it does not absorb moisture and stretch aud decay. 

" It is quite probable that these belts will increase in popularity 
among mannfacturera. 

"In joining the ends of a belt, it ia generally considered beat to 
cut small holes through the ends and lace them with a leatlier atrap, 

" It is found, in practice, that belts should not be subjected to a 
strain of over 300 pouuda per square inch of section, 

"Good belting of j\ inch thick will sustain a strain of 50 pounds 
per inch width without risk, and without serious wear, for a considera- 
ble time." — Amer. Artisan, July 1, '68, p. 394. 
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Belts and Pulleys. 
52' "We would not venture to prophesy that belts will continue 
for ever in general use, especially if made of leather, in the old way. 
Nor ia our faith in the perpetuity of small pulleys very resolute. 
Robertson's frictional gearing seems to work more steadily than belts ; 
but if pulleys are large, the friction of their faces Bgaiust each other 
is sufficient for most work, and they will run with less power than 
belts or Bobertson'a gearing. To make pulleys work well agaiiist 
each other, they must he turned with more truth tbau is usual ; and 
the shafting must be better liued; and there muat be something elastic 
in the Journal-boxes, such as a little rubber, to press the pulleys to- 



"The vibration or chattering of lathes is probably due to the 
spring of the belts, more than to the spring of the metal of the 
lathes. So far as this is the case, the frictional gearing, of either' 
kind, will get rid of it. 

" In driving fans there is frequent trouble with belts, and there la 
more expense than need he; and the noise and vibration are evi- 
dences of serious imperfection, which, perhaps, is unavoidable when 
a soft material is used that cannot have an exact shape. 

" A friend of ours proposes to use steel belts for certain cases, such 
aa fans. The steel must be welded perfectly, and must be of mild 
quality, and the pulleys must be large, to make them work well. 
Steel belts would run with leas power than leather, because the power 
exerted in bending them would be restored when they atraigbt«ned 
themselves; but leather does not return much of the power required 
to bend it around the pulley. . . ." — Amer. Artisan, Aug. S, '65, 
p. 201. 

Leather Belts. 

S3> "A friend of ours who has had experience in tanning leather 
for belts, and has conversed about belts with many machinists, and 
is familiar with their experience, assures us that the adhesion of belts 
ia much better when the hair side is against the pulleys, and that the 
belt used in this way is more durable. The belt will not crack on 
the flesh side so readily as on the hair side, and seldom cracks at all^ 
if the hair side is against the pulley. He has known cases in which 
belts slipped and would not do the work required of them when the 
flesh side was against the pulley ; but when they were turned hair 
side to the pulleys they ceased to slip, and did much more work than 
they could do with the flesh side to the pulleys. His theory is, that 
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«It, as well oa the pulley, adheres beat when smooth, aod the 
hair side adheres best because it is smoothest." — Amer. ArtUan, Aug. 
16, '65, p. SS4. 

From " Power in Motion," by J. Armour, C. E. Lockwood & Co., 
London, 1871. 

54, " Good new belt leather has been found to break with an 
average tension of 5000 lbs. applied quietly per B«juare inch of sec- 
tional area. 

"The working tension for continnoua service ought not to he more 
than about ^'^ of this, or about 350 lbs. per square inch. 

" A thickness of -^ of au inch, which is the ordinary tbiekness, 
equals .1S6 inch : therefore, for an inch of breadth, we have .186 x 
5000 ^ 930 lbs. breaking atraio, and .186 X 350 = 65.1 lbs. contin- 
uous service strain. 

" With the same working tension, when we double the breadth, we 
reduce the strain per square inch of section to one-half the strain for 
the single breadth, and thereby save the belt. The axle pressure is 
the same, however, because the belt of double breadth is simply doing 
the same amount of work upon the rim of tlie pulley aa the single 
breadth had to perform. 

"When we double the diameter, the revolutions of pulley per 
minute being as before, we may reduce the tension to one-half; be- 
cause we have the speed at the circumference equal to % aud this 
multiplied by .5 tension ^ 1 power ; the same as 1 speed X 1 tension 
= 1 power. 

" When two pulleys at rest are connected by a belt, the tension on 
each connecting partis nearly equal; when motion begins, the driving 
puUey has to stretch the pulling parts to the tension required to over- 
come the resistance before the driven or loaded pulley can move ; 
and, in doing so, the driver is passing a corresponding amount of 

Mjk into the returning part. 

" Should the resistance of the load grow less from any cause, less 

BsioQ will be required to balance it, and the driven pulley will be 

i by the excess of the pulling tension a fractional quantity faster 

II the driver, thereby throwing part of the slack of the returning 

t into the pulling part, until the reduced load resistance and the 
; thia dirainiahes the amount of 
m the returning part. 
I the other hand, should the load increase from any cause, 

eater tension is required; the driver must move a tractional quan- 
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tity more than the loaded pulley, to put the greater straiD upon the 
belt, and the amount of slack is increased correspond ingly. 

" Hence, in a narrow belt the returning part will be slacker than 
when a broader belt is employed, because it will stretch mure with a 
given tension. 

" Short belts require to be tighter than long ones, A long belt, 
working horizontally, increases the tension by its own weight, acting 
in the curve formed between the pulleys. 

" One of tlie properties of this curve is to make the tension greater 
than is due to the simple weight of the belt ; that ia greater thau when 
the belt is banging vertically ; besides, it never loses contact. 

" In vertical belta so little stretch is needed to make them lose 
contact with the lower pulley, that the tension for the state of rest 
requires to be greater than is found necessary for a horizontal belt, 
if the breadth be not increased to reduce the stretching stress per sec- 
tional square inch. 

" In ordinary leather belts, on large pulleys, the bending resistance 
is BO small that it may be disregarded, 

"Ropes of hemp or wire are often employed for driving bands. 
Their resistance to bending is greater than that of flat leather belta, 
and as the surface ia contact with the pulling is less, the pressure per 
square inch of actual contact must be greater, and therefore more 
severe upon the material. 

" This, however, does not affect the amount of tension required for 
work, because, as friction is independent of the extent of surface, we 
get the same driving power from 10 lbs. pressure or tension on the 
narrow line of contact with the pulley, in the ease of a circular rope, 
that we would get from the same pressure supposing the tope flat- 
tened out so as to have a surface of contact many times greater, 

"When we know the weight per foot of a long belt or rope work- 
ing horizontally, we find the tension in the curve of tJie belt between 
the pulleys by multiplying the whole weight of the part between the 
pulleys by the distance between the same, and dividing by eight times 
the deflection. This rule, however, applies only to curves in which 
the deflection is small compared with tlie span ; so that the flatter the 
angle of suspension the closer the approximation." 

I. H. Beard on Belts. 

S5- " Throughout New England, until within a few years, it was 
generally thought, by engineers and millwrights, that cotton-mills and 
woollen-mills, and all others requiring a very considerable power. 



could not be mn effectively without large and ponderous liues of 
upright and horizontal ehatlts of either cast or wrought iron, and 
lieavy traina of cog-wheels of cust iron, or partly of iron and portly 
^^Bf wood. 

^^H| " And when large leather belts began to he introduced for the main 
^^^■ear of mills, as a substitute for geiir-wheela, it was thought by some 
^^^Hfuur best engiueers to be au esperiment, at the least, of verydoubt- 
^^^Bl result, if not altogether impracticable ; and, indeed, at the present 
^^^Pfeie (1837), notwithBtandiug all the evident advantages of bell-s over 
^^^^ear-wheels, mauy still adhere to the old mode of gearing; and this, 
doubtless, not so much from a want of discernment and ^und judg- 
ment, as from a lack of opportunity of comparing and testing the 
advantages of belts and the disa<l vantages of gear-wheels; or, per- 
haps, they may have ibrmcd an erroneous opinion of the utility of 
nsing belt^ from the inspection of some mills that have been belted 
ou a bad priuciple, or from belts injudiciously taanage<l." 

" Having, from a constant practical experience of both modes of 
gearing mills, tor more than ten years, at Lowell, Saco, and other 
I, become fully aatistied of the utility of belting mills, instead 
I runtung them with gear-wheels, and that they run much lighter, 
er, and with far less friction, and a proportionately leas motive 
wer, with belts than with gear-wheels." 

k. cotton-mill of dimensions adapted to the convenient operation 

P 4000 spindles of cotton machinery, including all the preparation 

r making yarn and weaving cloth, ordinarily required four trains 

of upright shafts, extending through the height of four stories, the 

trains usually commencing in the basement story." 

" To each train of uprights were attached from two to four pairs 
of heavy gear-wheels, and, in addition to these, in many mills all the 
counter lines of shafts were geared off at right angles with the hori- 
zontal main shaft, which required a very large number of gears and 
shafts. A mill thus geared is a fiill load for the power of a moderate 
Bized wat«r-wheel without any machinery, and a great proportion of 
this unnecessary weight and friction may be saved by the judicious 
use of belts instead of gears. And besides the disadvantages before 
named, the trains of gear-wheels require the constant extra expense 
of careful attendance and of oil or some unctuous matter to lubricate 
and keep them from heating, friction, and abrasion. And again, all 
the gears must be closely boxed in, and supplied with tight dripping- 
pans, or the mill-grease will be liable to drop into the work, and 
satly damage if not entirely ruin it. 
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" These are serious iDconvenienceg aud evils that may be avoided 
by Eubstituting belts in place of gear-wheels. The first expense and 
the coustant repairs will be as little with belts as with gear-wheela, 
and the risk and hindrance that way be caused by belts are far less; 
for if a main belt breaks, it is the work of a few minutes only to 
repair it or replace it with a new one, whereas the breakage of a 
single gear-wheel may cause the hindrance of a week, and the almost 
entire loss of the wheel broken, together with a, hundred times the 
labor and expense in exchanging the broken wheel for the new one 
that would be caused in repairing or exchanging the belts. And, 
again, if it should be found desirable at any time to change the 
velocity of any part of the mill gear, it is much more easily done, 
and with far leas expense, by varying the size of the pulleys and 
drums than by changing gear-wheels." 

" But to gear a mill wholly with belts, and to do it judiciously and 
to the best advantage, doubtless requires more nice calculation, care- 
ful judgment, and practical experience than to do it with gear-wheels; 
ibr many mills have been so belted as to cause more frictioD, trouble, 
and expense than would be caused or required in the use of gear- 
wheels-" 

Therefore, to enable those who may wish to calculate mill-gear, 
and who may not have had the means in forming a correct judgment 
by practical experience, tojudge correctly of the advantages, as well as 
of the disadvantages, of several modesof gearing, I shall first introduce 
such modes as I consider objectionable, and then bring forward a 
mode tliat I consider the least objectiouable and the best now in use. 
To know how to avoid an evil is frequently as beneficial as to know 
how to remedy it. 

" In Fig. 9 A represents the main driving- pulley, geared from and 
driven by the water-wheel, and is made from 8 to 12 feet in diameter ; 
B the water-wheel; C the basement; D the earding-room ; E the 
spinniug-room ; F the weaving-room ; G the dressing-room. 

"a, b, c, d, e,J, g, k, i, aadj, represent the lines of drums in the 
carding and weaving rooms. These lines of drums extend very 
nearly the whole length of the mill inside, and for a mill of 4000 
spindles are driven by two belts operating in the same manner. 1, 
2, 3, and 4, represent the belt-binders to lead, or bind, the belt in the 
required directions. 

" The belt here represented must be about 320 feet long, and from 
12 to 15 inches wide, and will require from 600 to 700 lbs. of stout 
belt leather to make it. These belts are bulky, ponderous, and un- 
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being of minor consequence ; but where tiie main power is to be ex- 
erted to throw the stress upon one belt into that of another, is economy 
in the wear of the whole mill gear, as well as in power, both of which 
are points of great importance to the manufacturer. This point has 
not always been observed; for it is sometimes more convenient in 
arranging the gear and machinery of a mill to place the line of main 
drums upon one side of the mill instead of in the centre. And the 
efiect of this arrangement is to throw the whole stress of the belts 
upon one side of the journals of the main drum shafts, which ought 
ever to be avoided." 

. . . " It is further of great importance that each belt should 
be of such a length that it will adhere to the drum so mncb aa to 
prevent it from slipping, and that without the necessity of pulling 
on the belt so tight as to cramp the drums and wear the bearings. 
Gveiy belt, to run easy and well, should be so slack, when running, 
that the slack side should run with a waving, uudulating motion, 
without any tension except on the leading side, and when belts will 
so run without slipping upon the drums or pulleys, they will wear 
for a great length of time; for although a belt may be heavily loaded, 
yet, if, at every revolution, it can have an opportunity for relief from 
its tension so as to contract to its natural texture, it will prevent it 
from breaking by the stress upon it. But if, otherwise, it be kept 
strained so tensely as to be constantly strained to its greatest extent 
on both sides of the drums, it will wear but a short time without 
cracking at the edges, and will shortly be destroyed." 

" SufBcient care is seldom taken to have belts to run free and easy, 
and it has been one of the greatest errors, more or less prevalent in 
all cotton or woollen mills, to run the belts so tense as greatly to in- 
jure the belts and rapidly increase the wear of the bearings." 

" It has been customary in almost all belted mills to affix heavy 
cast-iron or wooden binders (tighteners) weighted, to the belts which 
drive the main mill gear, to prevent them from slipping, and it haft 
been generally thought impracticable to keep them from slipping on 
the pulleys and drums without binders ; but this opinion is wholly 
erroneous, and without any true foundation, if the belts are properly 
prepared and pulleys and sliatls arranged so that the belts pull against 
one another, and thus relieve the shaft bearings of much of the strain 
as when they pull the same way." — Journal Franklin Imt., 1S37, 
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Wrapping Connector*,— From " Fairbaim's Mills and Mill Work," 
London, 1865, p. I, Part II. 

5G, "Considerable difference of opinion exiafca as to the beat 
and most effective principle of conveying motion from the source of 
power to the machinery of a mill. The Americans prefer leather 
straps, aud large piilleya or riggers. 

"In thia country, and especially in the manufacturing districts, 
toothed wheels are almost universally employed. 

" In some parts of the South, and in London, straps are estensively 
Qsed ; but in Lancashire and in Yorkshire, where millwork is carried 
out on a far larger scale, gearing and light shalYs at high velocities 
have the preference. 

"Naturally, I am of the opinion that the North is right in this 
matter, aud that consistently, as I was to a great extent the first tfl 
introduce that new system of gearing which is now general through- 
out the country, and to which I have never heard any serious objec- 
tion, I have been convinced hy a long experience that there is leas 
loss of power through the friction of the journals, in the case of 
geared wheel work, than when straps are employed for the trans- 
mission of motive power. Carefully conducted experiments confirm 
this view, and it is therefore evident which mode of transmission is, 
as a general rule, to be preferred." 

"There are certain cases in which it is more convenient to use 
straps instead of gearing. With small engines driving saw-mills, 
and some other machinery where the action is irregular, the strap is 
superior \o wheel work, because it lessens the shocks incidental to 
these descriptions of work. Bo, also, when the motive power has 
been conveyed by wheel work and shafting to the various floors of a 
mill, it is best distributed to the machines by means of straps." 

"In some of the American cotton factories, however, there is an 
immeDse drum on the first motion, with belts or straps from 2 to 3 
feet wide, transmitting the power to various lines of shafting, and 
these in turn, through other pulleys and straps, giving motion to the 
machiuery. 

"From this description it will be seen that the whole of the mill 
is driven by straps alone, without the intervention of gearing. 

"The advantages of straps are the smoothness and noiselessnese 
of tbe motion. Their disadvantages are cumbrousness, the expense 
of their renewal, and the necessity for frequent repairs. They are 
inapplicable in cases where the motion must be transmitted in a con- 



Btaot ratio, because, aa the strapa wear slack, they tend to slip over 
the pulleys, and thus lose time. In other cases, as has been observed, 
this slipping becomes an advantage, as it reduces the shock of sudden 
strains, and lessens the danger of breaking the machinery. 

" Very various materials are employed for straps, the most ser- 
viceable of all being leather spliced with thongs of hide or by 
cement. Gutta-percha has been employed with the advantage of dis- 
pensing witb joints, but it is affected by changes of temperature, and 
it stretches under great strains. Flat strapa are almost univeraally 
employed, in consequence of the property they possess of maintaining 
their position on pulleys, the faces of which are slightly convex, 

" Round belts of cat-gut or hemp are sometimes used, running in 
grooves, which are better made of a triangular than a circular sec- 
tion — 80 that the belt touches the pulley in two lines only, tangen- 
tial to the sides of the groove; in this case the friction of the belt is 
increased in proportion to the decrease of the angle of the groove." 

"The strength of straps must be determined by the work they 
have to perform. Let a strap transmit a force of n horse-power at 
a velocity of v feet per minute, then the tension on the driving side 

S3 000 ti 
of the belt is — '- lbs., independent of the initial tension pro- 
ducing adhesion between the belt and pulley. For example, let v be 
■ the velocity of a 24-inch pulley at 50 Epm, and let 
33,000 X 3 



314.16 Fpm, o 
3 horse-power 



e transmitted, then —' 

SI4.I8 
on the pulley due to the force transmitted." 

"Tbe (bllowing table has been given for determining the least 
width of straps for transmitting various amounts of work over differ- 
ent pulleys. The velocity of the belt is assumed to be between 25 
and 30 feet per second, and the widths of the belta are given in 
inches. With greater velocities the breadth may be proportionably 



- = 312 lbs., the strain 



The following formula will meet every requirement of the table: 
W= 



5940 HP 
1660 d 



a which IF"^ width of belt in inches. 
" J3f= horse-power. 
" d = diameter of smaller pulley 

" 1650 ^^ average speed in feet per minute, 
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im Btatement above, and which might be changed for i' = velocity 
of belt in Fpm to make Ihe nile more general, which would seem to be 
allowed by the closing paragraph of the quotation. 

The use of d in this formula forbids the naming of auy definite 
area of belt running per horse-power per minute. If we take, how- 
ever, the cases of belts from 12 inches to 24 inches wide on a 6-feet 
pulley, transmitting from 20 to 40 horse-power, and giving 82^ square 
feet of belt per minute per horse-power, we would not be stepping 
outside the line of usual good practice in selecting average examples 
from the table. But if we select from one extreme of the table a 1,4 
inch belt running on a 10-feet pulley, transmitting 4 horse-power, or 
48.125 square feet of belt per minute per horse-power, we will find 
it, if not out of the limits of possibility, certainly not within the ordi- 
nary economy of practice as to width of belt and diameter of the 
pulley. On the other extreme, the proportion of a 43.2 inch belt, 
running on a 12-inch pulley, and transmitting 12 horse-power, or, 
measuring off 495 square feet of belt per miunte per horse-power, is 
such an excessive one that perhaps it never has, and certainly never 

luld be used in practice. 

From J. Richard's "Treatise on Wood Machinery." 
E. Sl F. N. Spon, London, 1872. 

57. "Belting, gearing, and unbalanced pulleys or wheels repre- 
sent transverse strain, which must be a matter of judgment rather 
than estimates. It would be folly to predicate the transverse strain 
Upon a shaft as being simply the tension of belts, or the strain of gear- 
wheels working under ordinary conditions. A rule iu the author's 
practice has been in the case of belts to provide sufficient strength 
in shafts and supports to tear them asunder, without damage to the 
machinery. This is the only safe rule, for there is no means of always 
guarding against winding belts. 

"Calling the distance between the hangers or bearings b, the diam- 
eter of the abaft d, and width of belt w, a rule for ordinary cases 
would be w ^^ d' and dx 25 :^ 6. This is, of course, arbitrary; 
atid presuming the pulleys to bo in the centre between the bearings, 
anil not more than five laces in diameter. In proportioning shatls 
f"r belling, much must be left to judgment, and be dictated by that 
pfculiar sense of realizing what is wanted from previous experience. 
"There are, in fact, so many obscure conditions that have to do 
with the matter, that any rule must be an arbitrary one, if given for 
general application. The above is, however, safe, so far as strength 
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ia coucerned, for gearing, shafts must, as a rule, be stronger than for 
belts. The motion is positive, and lacks the elasticity that exists in 
belt conuectiona. Shafts are in general made strong enough to crush 
cast-iron gearing; practice has given larger proportions to shafts that 
receive gearing, no donbt for the reasons stated, that of positive mo- 
tion ; yet the proper plan in the construction of wood machines would 
in all cases he to drive the first movers with belting so proportioned 
and arranged that it would be sure to yield beibre breaking the gear- 
ing. Ordinary belting, with its surfaces dry, as they must be when 
operated on wood-working machines, has much less driving power 
than the belting ou metal-working machines, when the surftioes be- 
come covered with oil or gum, and the leather soft and pliable. As- 
suming the belts to be dry, a good rule for belting and gearing for 
feeding wood machines would be as follows : Iiet V be the velocity 
of the belt, and v that of the pinion or first mover, the width of the 



belt to be the same as that of the gearing — := n 



a other words. 



the diameters of the pulleys to be to the pinion as 6 to 1, with equal 
faces: variations as to relative width should be directly as the pro- 
portion between pinion and pulley; if, for instance, the face of the 
pinion was reduced to 2 inches, and the belt remain 3 inches wide, 
their velocities would require to be « X 4 ^ V, or diameter as 1 to 
4, the diameter of the shaft being equal to the square root of the face 
of the pulley. There would with these proportions be no danger of 
breaking either shafts or gearing, it being understood, of course, that 
in a train of gearing such as ia used in planing-macbines, the force 
and pitch of each wheel and shaft should be luversely as their 
velocity. 

" The belting for circular saws is, as a rule, too narrow, or upon 
pulleys of too small diameter. To drive a saw well and without in- 
jurious strain upon the bearings, belts should be one-third the diam- 
eter of the saw in width, and the pulley equal in diameter to the 
width of the belt, which is a very simple rule, and does not give any- 
more than the needed driving force, under fair conditions. 

" One-fourth the diameter of the saw for the diameter of pulleys 
on cross-cutting spindles. Their faces can be one and a half diam* 
eter in length. 

" That speed should be an element in estimating belt contact iB 
apparent in looking at the spindle pulleys in wood-cutting machines. 
The degree in which belts are affected by centrifugal force in running 
at high speed is dependent upon the tension, weight, and flexibility 
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■ at tbe belt and the diameter of the pulley. At 5000 feet a miiiute, 
with bells of ordiDary harue^ leather, runiUDg ou pulleys six inches 
or les£ diameter, the amouDt of coutact is uot more thau tliree-filYh^ 
of what would be shown iu a diagram, and is often much leas. Cou- 
pled with this, however, is the strange lact that the tractive force 
does not seem to be as constant as the acnouQt of contact. That the 
pressure on so much of the surface as has contact ia increased by the 
belt lifting, is unquestiouably the cuae, but it hardly accounts for 
the want of proportion betweeu the power transmitted and the amount 
of contact. This matter is meutioncd as an experimental fact, and 
merely to stand as a reason for saying that the widlii of the bells 
need not be predicated directly upon the pulley contact for high 
speed spindles. 

" For spindles having uuusually high speeds, the writer has found 
belts of cotton webbing to be preferable. Such belts, if closely woven 
and of the best material, will, when waxed, be found to have a high 
tractile power and wear well, while their comparatively light weight 
avoids their liftiug from centrifugal force. 

"The convexity of pulleys to keep belts central should be suffi- 
cient for the purpose, and no more. It is difficult to account for the 
practice of many builders of wood machines, especially in England, 
who give a degree of convexity to pulleys that interferes with the 
contact and tends to the destruction of the belt, unless both pulleys 
have their faces tbe same, a thing impossible in the case of shifting 
belts. Without entering into an examination of the laws and condi- 
tions that govern the matter, the following rule ia given : 

" For pulleys from 2 to 24 inches face, the convexity should be 
from I to j'jth of an inch to a foot, graduated inversely as the width 
of the faces; for pulleys of narrower face, the convexity can be 
slightly increased. 

"This is quite sufficient to govern the running of belts, and a 
necessity for more can safely be construed as a fault in the position 
of the shafting. 

Mr. James Christie, of Pittsburgh, gives the following: 

SS. "1 can give an example of eugine and connected belting, 
during the performance of which I had frequent opportunities of 
observation. 

"The engine has a cylinder, 8-inch diameter by 12-inch stroke, 
and made 150 Epm under a boiler pressure of 75 lbs. to the square 
' inch, and piaton pressure of 40 lbs., doing an elective service of 18 
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borse-power. It drove a briuk machine by a first-class double leather 
belt, 6-inch wide and nearly |-inch thick, laced iu the usual way. 
The smooth turned iron driving pulley or engine shaft ia 22-i 
diameter; the driven pulley, of like material and finish, ou brick 
machine, 48-inch diameter; distance, horizontally, between shafts, 12 
feet; top fold of the belt slack, no tightener applied, belt was well 
stretched, no reaia or ungueut used, 

"Both engine and belt were insufficient for the purpose, but I con- 
sidered each about the equal of the other. When first used the en- 
gine would drive ahead and slip the belt ; as belt and pulley became 
more atlached, aud belt was tightly laced, the belt would 'stall' the 
engine." 

The above gives 2-1.27 square feet of belt per horse-power per min- 
ute, aud 114.8 pounds strain to one inch width of belt, aud may be 
considered as a very reliable example of a hard-worked belt 

" In driving 8-iuch trains of rolls, the practice here ia, when driv- 
ing direct, to use enginea of from 12 to 16-iuch diameter of cylinder, 
similar in con-struction to the usual slide-valve engines the country 
over, and working under a boiler pressure of say 90 lbs. to the square 
inch, and average piston pressure of 50 lbs. The 12-inch cylinderft 
have proved inadequate, the 14-inch have ample power, aud the 16- 
iuch have an overplus. 

" The piston speed of these enginea is invariably high, seldom leas 
than 400 Fpm, frequently 600 and 700, and sometimes aa high as 800. 

" 14-inch belts have proved insufficient iu driving such a train, 
16-incb do very well, and 18-inch are wider than needed. The 16 
and 18-inch are, however, commonly used, and are always double 
leather, or two or three-ply gum belts. 

"When driven from line shaft, which is the usual plan, 6-feet pul- 
leys are used, both on line and on rolls, say 25 feet between centres, 
and the angle of belts with a vertical line about 20°. Sometimes the 
pulley on rolls is made heavy, but commonly separate fly-wheels, of 
about 8 feet diameter and 4 tons weight, are used. Tighteners 
seldom employed, speed of rolls from 150 to 250 Rpm. 

" In a steel mill here, a 20-teet fly-wheel pulley ou engine shaft, 
running at 60 Bpm, drives a 6-feet pulley, 4 tons weight, ou the train 
at 20 feet distant, between shafts, horizontally. The train is a 9-iach 
one, belt 17 inches wide, of three-ply gum, aud no tightener used. 

"The belt slips while rolling long lengths, which would indicate 
insufficient momentum in and lack of belt contact on the fly-wheel 
pulley ou the train. 
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"Greater distauce apart of ehafts and less difference of diameters 
of pulleys would give, therefore, a better belt result. 

"1 have never heard of any olyectioii to the use of belts iu rolling- 
milk on the score of durability, 

" In order to obtain the full value of a belt, it is first necessary 
that it should be in thorough contact with the pulleys. A new bell 
will be found toudiing in spots, and will not pull well for want uf 
entire contact with pulley. Any unguent put on the belt will l»e 
found of immediate benefit, as it softens its surface, and brings it in 
complete contact with the lace of pulley. The hair side of belt, on 
account of its smoothness and closeness of texture, seems to conform 
to this necessary condition much sooner than the flesii eule, which 
is opeu in texture and rough on the surface. But after the belt is 
once worn to the proper condition, I doubt if there is any appreci- 
able dillerence in the two sides in value. In fact, with wetl-wom, 
belts, which have been used alternately with each side to pulley, it 
is often difficult to distinguish the hair side from the fieah side. By 
well worn I do not mean injured by twfi, but simply that condition of 
belt iu which the color of the sides is rendered uniform by absorption 
of oil, and in which the surface gloss and texture are made nearly uni- 
form by contact with pulleys. Intimate contact between belts and 
pulleys is undoubtedly necessary. The utility of smooth fiices to 
pulleys is also well established." 

The following Notes on Belting are taken from Mr. B. F. Sturte- 
vant's Illustrated Catalogue of Pressure- Blowers, Boston, Mass. 

SO. " Double belts are calculated to be J of an inch thick, single 
belts I of an inch thick. The holding power of the belt is governed 
wholly by its tension or tightness and the condition of its suriace, the 
diameter of the pulleys having nothing to do with it. and is capable 
of being increased, by tightening, to 350 lbs. to one square inch of 
cross section. 

" As a general rule, bells running from a large to a small pulley 
slip on the large and not on the small one, as is commonly supposed. 
Tliis is explained as follows ; The pressure per square inch with which 
the belt hugs the small pulley is just as much greater as the small 
pulley is less in diameter than the large one, and the friction of the 
belt more than follows the increased pressure. For example : If you 
cover the small pulley on the counter with leather, to prevent slipping, 
you must also cover the driving pulley on tlie main line, or you get 
no benefit from covering the small pulley. These remarks apply to 
horizontal belts. 
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" A table is given for finding the width in inches of double 
belts for driving bis patent pressure-blowers, wbich is based ou the 
statement that a belt one inch wide, having a velocity of 1000 Fpm 
will give one horse-power. This is also equivalent to a surfete velocity 
of 83^ square feet of belt per minute per horse-power, and a working 
strain of 33 lbs. per inch width of double belt, or 99 lbs. per square 
inch of crow section of leather. 

" New belting, such as is generally used for the driving-belts on 
polished iron pulleys, will only transmit from one-third to one-fiflh 
the power, without slippitig, that the same belt will atler it has been 
iu use from one to two months. 

" The belts for driving the blowers are not exposed to the wear and 
tear of shippers, as lathe belts are; all of them run over small pulleys 
iu proportion to the width of the belts. Heuce I have recommended 
a scale of thicknesses of belts in proportion to the widths. The lighter 
tfae belt the tighter it hugs the pulley, for the reason that all unnec- 
essary weight of leather tends to lift itself off the pulley when going 
around it at a greater velocity, and some of these bells travel at a 
velocity of 5000 Fpm. 

" Belting, as it is generally manufactured as an article of merchan- 
dise, is intended for all purposes for which belting is used ; but when 
parties are desirous of having everything about the blower just as it 
should be, they will see that their belts are made exactly to suit 
their work. 
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ibove table all the dimensions are in inches. To give 
f the proper length of belt, the centre of the drivlu^; 
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pulley is placed 3.J times its diameter from the centre of tlie fan atid 
25 times above it. The driven pulley on the driving puUey-sbaft is 
18 inches diameter, and ihat, in turn, ia driven by a 54-inch diameter 
pulley and belt of double thickness. The centres of the 54-inch and 
18-inch pulleys are placed about 3 times the diameter of the largei 
pulley apart aud nearly at same height from floor." 

On the Creep of Belts. 

GO. " It is generally considered by those who have bad experi- 
ence ill the matter, that there is a slight slip in all belts, however 
large they may be in proportion to the power transmitted, and however 
tightly they may be stretched. Perhaps in the case in which a belt 
is much larger than is required, it would be better to say that there 
is a slight creeping, instead of a slip, this creeping being caused by 
the change in tension of the belt as it moves from the tight to the 
slack side in passing over the pulley. 

" Where belts are driven at a high velocity it is found that the cen- 
trifugal force still further changes the ratio of speeds of the driving 
and driven pulleys, in some cases decreasing the tension of the belt, 
and in others acting in the contrary way. This may be explained in 
the following manner : If the pulleys over which the belt is stretched 
are quite close together, the two parts of the belt will be nearly 
straight, so that there will be little change of tension, whether the 
belt is at rest or in motion, and the centrifugal force diminishes the 
tension. If the pulleys are a considerable distance apart, the two 
portions of tlie belt will be curved, and part of the centrifugal force 
acts in increasing the length of the belt, and thus increases the ten- 
sion, instead of diminishing it, as in the former case. In ordinary 
cases, where the velocity of a belt is not very great, it is probably 
not necessary to consider the action of centrifugal force, 

"The writer ia frequently engaged in making tests of machinery, 
and finds it convenient to obtain a record of the speed of shafla and 
engines. At a recent test of power in a large lactory some inter- 
esting data were obtained in relation to the creeping of belts, and it 
is believed that these results may be of interest and value to other 
engineers." 

The case was one in which the size of the belts was largely in 
excess of that actually required for the transmission of the power, and 
the velocity with which they moved was quite moderate. Under 
these circumstances it was to be expected that the difference between 

« actual ratio of speeds, and that which should have been obtained 
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if there had been no slip or creep, would be less at au increased tbau 
at a dimiiiished rate of speed, if the ehaugea iu speed were bo slight 
us not seuaibly to vary the centrifugal force. For the purposes of 
the test, couuters were attached to the driving eugiue aud to the 
shaft in a distant part of the building, the power beiug transmitted 
to that shaft by five belts. Simultaneous readings of the two counters 
were taken every miuute for the space of an hour. Theresultof several 
of these observations for intervals of five minutes each is given below : 
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" It will be observed that, as the speed was decreased, there was a 
perceptibly greater creep in the belts. It having been found advis- 
able to increase the speed of the engine and shafting, similar tests 
were made, when this change was eSected, and a few of the results 
are given below : 
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"It is generally known that there is a best speed for a belt under 
given conditions, and that, if this speed is eitlier increased or dimin- 
ished, the tension of the belt will be diminished. It appears, from 
these latter results, that this speed was about reached by the change, 
so that the belts were transmitting undei' the most favorable condi- 
tions as regards speed. 

"A careful measurement of all the pulleys transmitting the power 
from the engine to the tihaft in question, increasing their diameters by 
the mean thickness of the belts passing over them, shows that the 
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1 raUo of speeds of engine and shaft should have been as 1 to 



2.625, HO that there i 

0.495 per cent., aud i 

Broadway, N. Y., 

i, 1874. 



average slip or creep in the firat case of 
e second 0.2fJ7 per cent.— Ji. H. Buel. M. K. 

'. En^ineeriii'j rmd Alining Jourtutl, February 
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Leather Pulley. 

61' As there is " nothing like leather " for many purposes, espe- 
cially in places where there is much rubbing and at high velocitiest 
it has occurred to many, perhaps, and the transition of thought seems 
natural indeed, that if leather will endure so much wear and tear at 
the circumierence of a wheel, it must resist a like action at \\a axle, 
and therefore it would make a good bush for a loose pulley, or, where 
small, the whole pulley might be made of leather. Accordingly, this 
has been done with good effect; leather discs were bolted together, 
bored out, turned 06*, soaked in oil, and put in place as if made of 
iron in the usual way. 

Driving Power of Belts Compared with that of Friction Gear. 

G2. Newton's Journal for 1857, Vol. VI., New Series, p. 163, 
jenta Mr. James Robertson's paper on grooved mirfaae jrietional 
irtny, from which we take the following: 

Theobjectofthispaper is to describe a system offrictional gearing 
recently introduced by the writer, intended chiefly for high speeds, 
and to give such information regarding its action and driving capa- 
bilities as the several applications of it in use will afford. 

The grooved aurfece frictional gearing consists of wheels or pulleys 
ed together by frictional contact, communicating motion Jndepen- 
tly of teeth or cogs ; the driving surfaces are grooved or serrated 
annularly, the ridges of one surface entering the grooves of the other. 
The extent of contact is thus increased in the direction of the breadth 
of the rim, and a lateral wedging action is obtained, which augments 
the effect of the pressure holding the wheels in gear, the necessary 
amount of which is felt to be so injurious to the bearings ol' the shafts 
when the power is communicated by plain driving surfaces. 

" The grooves are made V-shaped, and are found to suit best when 
formed at an angle of about 50°. The pitch of the grooves is varied 
lo the velocities of the wheels and the power to be transmitted ; the 
smallest pitch employed is ^-inch, and that required for the heaviest 
operations about J-inch. The ordinary pitch is about |-inch. The 
wheels are turned up truly, and the grooves equally pitched ami made 
itly alike on each face ; so that, on applying the surfaces to each 
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other, a well-fitted contact throughout the faces is obtained. In order 
to increase and auetaln the wedging action, the points of the ridges are 
left blunt, to prevent them from reaching the bottom of the grooves, 

" Cast-iron has as yet been the only material used in the construc- 
tion of grooved wheels, and its action haa been found bo satisfactory 
that there is no necessity for trying any other. The surfaces, after 
working a short time together, assume a smooth, polished appearance, 
taking a greater hold in proportion to the smoothness they acquire ; 
and when a sufficient breadth for the speed and power to be trans- 
mitted geta into contact, there is afterwards no perceptible tendency 
to wear. 

. . . " The points that have to be attended to, so far aa the 
power or driving contact is concerned, are the angle of the grooves 
and the pressure holding them in contact ; the extent of surface in 
contact being determined so aa to prevent abrasion and withstand the 
wearing action. . . , Wheels of large diameter show a decided 
superiority of action. 

" In order to obtain a high-speed irom a driving belt, without the 
usual arrangement of countfir-shafts and belt-pulleys between the 
main driving shaft and the machine to be driven, and without the 
disadvantage of passing the belt over a small pulley, a small grooved 
pulley is keyed on the shaft to which the high velocity is to be com- 
municated, and upon it is placed a loose, inflexible ring, of two or 
three times the diameter of the pulley, grooved internally to fit it, 
and turned up smoothly on the outside to receive the driving belt. 
The belt gives motion to the speed-ring, the inner grooved surface of 
which communicates a higher speed to the pulley. The speed-ring is 
held in effective driving contact simply by the tension of the belt. 
For obtaining increased lateral steadiness at high speeds a double 
speed-ring may be used if required. By these arrangements a belt 
may be passed over a speed-ring of 16 inches diameter, and yet com- 
municate the same speed to the shaft as if it were passed over a pul- 
ley of only 4 inches diameter. 

" In Pig. 10 the driving pulley, D, carries a belt, B, which passes 
over and drives the speed-ring, R, of large diameter as compared 
with the small grooved wheel, P, increasing circumferential contact 
thereby. 

" Enlarging the diameter of the speed-ring will permit the driving 
pulley to be placed nearer to, without altering the speed of the driven 
wheel, P, and will also increase the adhesion and driving power of 
'the belt. 
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e Upper 'cut' shows an eularged section of the speed-ring 
exhibiting its grooves, and those of the grooved wheel, P, with which 
It la engaged, 

utchea may also be arranged for engaging and disengaging by 
wns ofgrooved surfaces. 
Id appJyiiig iJij^ system of driviug, where a reverse molion is 




Fig. 10. 



imred. a disc, having 




' and an inner rim, is keyed to the 

driving shaft — the outer rim grooved on the inside, and tlie 

rim on the outside, with corresponding grooves. The shaft that 

ia to he driven carries a small grooved pulley, the diameter of which 

jaliKhlly less llian the djatauce between the two grooved rims. The 
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motion of this pulley will be reversed by moving it slightly nearer 
to or fartber from the main driving abaft, so as to throw it into gear 
with the inner or outer rira respectively. . . . 

" For comparing the pressure required to hold the grooved surfaces 
in gear and the power transmitted, varioua opportunities have occurred 
in the actual use of the frictional gearing, and arrangements have 
been made for purposes of esperiment. One method of comparing 
its driving capabilities with those of belts is directly obtained by the 
simple speed-ring movement already described for raising high speeds. 
One of these speed-rings has been working satisfactorily on a large 
foundry fan for some time; and, from the circumstances that the fan 
was previously driven by a belt of the same size, over a plain pulley 
of the same diameter as the small grooved pulley now used, this case 
affords a certain practical means of comparing the efficiency of these 
two methods of communicating motion. Before the application of 
the ring the belt was passed over a pulley 6 feet diameter, keyed on 
the driving shaft, and over a pulley 7^ inches diameter on the fan 
spindle ; but the continual bending of a large heavy belt over a 
pulley of so small diameter made it diiEcult to keep up the proper 
driving tension, and the belt was speedily cut up. The ring now 
interposed between the belt and pulley is 13J inches diameter, and 
saves the belt from injury by the greater diameter over which it 
bends. The ring works steadily, and drives the fan at the same speed 
as when the belt was passed directly over the small pulley; thereby 
showing that the grooved metal surface does not strain the hearings 
more than the ordinary arrangement of driving by belts. 

" Another method has also been employed for comparing the driving 
capabilities of the grooved-surface gearing with those of belts, by 
means of a testing apparatus, haviug the same pressure on the bear- 
ings of the axis as is produced by belts. The testing apparatus is 
made by gearing together two spur grooved wheels, each "21 inches 
diameter and 3^ inches face: the grooves being cut |-inch pitch, and 
at an angle of 50". Motion was communicated to the driving wheel 
by a 7-inch belt, over a pulley 30 inches diameter, so disposed that 
there was no pressure to bold the two wheels in gear hut the pull or 
strain of the belt. A plain friction strap wheel was keyed on the 
spindle of the driven wheel, by a strap and break handle attached, 
so that it could be either retarded or stopped. On applying the 
break, it either caused the belt to slip or the driving engine to stop, 
without the grooved wheels showing any tendency to slip. 

"There is a slight slip in the rolling action of the grooved wheels 
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biob doea not occur in the action of plain surfaces, whicK arises 
from the differeuce of the diameters of the points of the ridges and 
Imttoras of the grtwves; but Uiis slipping is little felt in practice, 
and, nheu measured, is ineonsiderahle in amount. In a pair of 
grooved wheels, 8 feet diameter and 1 foot broad, with 24 grooves 
working together, there is a slip of only 10 stjuare inches in an entire 
revolution ; whereas, in toothed wheels of the same breadth and 
diameter, with cogs of 3-ineb pitch, of the ordinary proportions, 
there is a eur&ce to slip over on each cog of about '24 square inches, 
or nearly the entire area of one side of the cog ; making a total slip 
of about 16 square feet in every revolution. 

"Lengthened experience is necessary to ascertain the smallest 
breadth of face that will be sufficient for transmitting a given amount 
of power without abrasion or wearing action ; and it is therefore pre- 
ferred at present to make the grooved wheels broader in every posi- 
tion than aeems to be absolutely necessary. The general proportion 
of toothed wheels, as regards both breadth of face and other dimen- 
sions, are sufficiently strong for transmitting the same power of 
grooved surfaces; but the writer is of opinion that less breadth of 
face and lighter proportions of arms and rims can be used with safety. 
If the grooved wheels are employed in every position in a factory 
where wheel gearing is required, no shocks or jolting action can take 
place; and therefore all the wheels themselves, and also the shaftings 
and supports, may be made much lighter than can be used with 
ordinary gearing. 

" One of the principal advantages of these grooved wheels is their 
smoothness of action, in positions and at speeds when ordinary toothed 
gearing produces a disagreeable jarring noise, their action is scarcely 
audible." 



From a Circular issued by P. V. H. Van Riper, of Paterson, N. J., 

we select the following : 

63, "Having been engaged in the manufacture of oak leather 

belong for the past fifteen years, I would respectfully call attention 
to the essential points necessary to the manufacture of good belting, 
the first of which is the selection of the leather, which should be oak 
tanned, it being more pliable than any other, and as durability is 
required, it should be thoroughly tanned and made from young bides, 
they having more strength than the hides from old animals. 

"Suitable leather having been chosen, though it may be ever so 
good, may be spoiled in currying, and as this is an important part. 
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it is conducted under niy own supervision, where I have the 
cut from tlie hides, and nothing hut 4 feet in length of the dtoice butts, 
curried for beltiDg purposes, aa the shoulder naturally stretching in a 
different direction from the butts, causes that great annoyance ia 
factories of belts niauing crooked, 

"The putting on of belts should be done by a person ac<]uainted 
with the use of belting, and too much judgment cannot be exercised 
in this respect, as the wear of the belt depends considerably on the 
manner in which it is put on, therefore, the following suggestioDs, if 
practised, will be of much service to persons employed in this capacity. 
The butts to be joined together, should be cut perfectly square with 
the belt, in order thut one side of the band may not be drawn tighter 
than the other. For the joining of belts, good lace leather, if prop- 
erly used, being soft and pliable, will always give better satisfaction 
than any patent fastening or hooks which have yet be«n invented. 

"Where belts run vertically, they should always be drawn moder- 
ately tight, or the weight of the belt will not allow it to adhere closely 
to the lower pulley, but in all other cases they should be slack. 

" Id many instances, the tearing out of lace holes is often unjustly 
attributed to poor belting, when, in reality, the lault lies in having a 
belt too short, and trying to force it together by lacing, and the mure 
the leather has been stretched while being manufactured, the more 
liable it is to be complained o£ 

" All leather belting should occasionally be greased with the fol- 
lowing mixture, or it will become dry and will not adhere to the pul- 
leys : one gallon neat's-ibot or tanners' oil, one gallon tallow, twelve 
ounces reain, dissolved by heat, and well mixed together, to be used 
cold, the belt having been previously dampened with warm water, 
except where it is spliced together. During the winter season, an 
extra quantity of oil should be added to the mixture. 

" To obtain the greatest amount of power from belts, the puUeyg 
should be covered with leather ; this will allow the belts to be run very 
alack, and give 25 per cent more wear. I drive a large circular saw, 
requiring 15 horse-power, with a very slack belt, the pulleys being 
covered with leather. 

" For heavy counter belts not intended to be used on cone pulleya, 
or at half cross, I recommeud double belts, made from shoulders 
only, which I furnish at the price of single belting ; and as the etreleh 
is taken oat from the shoulders after they are cut from the side, they 
are guaranteed to give better satisfaction as a counter belt than a 
eiugle belt will. 
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"More power can be obtained from using the grain eiile of u belt 
to the pulley than from the Qesh side, as the belt adheres luuro closely 
Vt the pulley; but there is tiiis about it, the belt will nut litft half bo 
long, for when the grain, which ie very thin, is worn ofi^ the substance 
of the belt is gone, and it then quickly givee out ; eo that I would 
advise the more saving plan of obtaining power liy di'iviug vritb wider 
belte, and covering the pulleys with leather. 

" Where belts are to run iu very damp places, or exposed to the 
weather, I would recommend the use of rubber belting ; but for ordi- 
nary use it will not give the (satisfaction which is so generally ob- 
tained from using oak leather beltiug, as it cannot be run on cone 
pulleys through ibrks, or at half cross, and with fair usage would be 
worn out, while a leather belt was regularly performing the work 
allotted to it ; for when the edge becomes worn, the belt soon gives out." 

We formularize the following rules from the text: — 



I 



HP = 



W- 



which HP= number of horse-power transmitted. 
" W^ width of belt in inches. 

" e^belt contact with smaller pulley in lineal feet, 

" jj ^ velocity of belt in ieet per minute. 



The following examples are given : " A 13J-inch belt, running at 
the rate of 1600 Fpm, over a 4-feet pulley, and touching 5 feet of its 
circumference, gives 20 horse-power," This is equal to 88.888 square 
Ieet of belt per minute, per horse-power. 

" A 20-inch belt at 2000 Fpm, on 6 feet of the circumference of a 
4-feet pulley, gives 45 horse-power." This is equal to 74.074 square 
feet of belt per minute per horse-power. 

To Measure Belts in Coil. 

64> In order to calculate the length of a belt in coil, we may 

consider the coil aa coropiised of a series of concentric circles, and 

a calculate the sum of their circumferences for the total length 

tS the ooil ; but this would be tedious, and a simple method should 

^. ))b deviaed. 

K,To obtain this, first, find the mean diameter of the extreme coil 
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diameten by taking half the sum of the diameters of the outer a 
inDer coils, multiply this number by 3.1416, and then by the number ' 
of coils, this will give the total length of the coil in inches if the 
diameters of the coils were taken in inches. 
A formula expressing this rule will be ; 

may be simplified thus : 

L = 1.5708 n {-D + d). 
In both of which L D and d must represent like units of measure- 
To simptily calculations still fiirther by getting the length L in 
feet, and the diameters D and d in inches, the rule may be put into 
this form, which is probably the best for use; 

L = .1309 n(D+d). 

From Appleton's " American Cyclopsdia " we take the following : 

GS. "Belts are used instead of gearing when the shafts to becou- 
neeted are far apart. 

" Belts in general are used between parallel shafts, and when the 
direction of motion is desired to be reversed the belt is crossed. 

" The diameters of belt pulleys are in the inverse ratio of their 

"To modify the velocity while in motion, conical drums are em- 
ployed on parallel shafts, with the cones reversed in position, and a 
shifter used to move the belt, and hold it in any desired position. 

" When shafts are not parallel, but are in the same plane, the only 
way to connect them by belts is to use a third shaft placed across 
both, and at equal angles, or nearly so, with each, and to which each 
is connected by a belt. 

"When shafts are neither parallel, nor in the same plane, they can 
be connected by a belt, but there is only one place on the shafts for 
the pulleys. These must be at the ends of a straight line, perpen- 
dicular at the same time to both axes. There is only one such line. 
This theoretical place has to be corrected in each particular case ac- 
cording to the diameters of the pulleys, by taking care that the belt 
arrives square on each pulley, no matter how obliquely it leaves the 
othec. 
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"As a coii8equenc« of this unavoidable connection, the mution of 
the shafts cannot he reversed without securing the pulleys in other 

"A caref\il attendant will make a belt last five years, which through 
neglect might not last one. 

"It has been found in practice that belts must not l>e run taster 
than 30 feet per second, nor have a tension of above 300 lbs. per 
square inch of section. 

"The friction of a belt is double on wood what it is on cast iron. 

" If a belt ia passed over a horizoutal cylinder with a known weight 
suspended at one end, and a spring balance attached to the other, 
and gradually let go until the belt begins to slide, the suspended 
weight, mintiK the weight indicated by the balance, is the friction. 

"It has been found that by taking a turn and a half around a 
rough cylindrical post, 1 lb. will hold 110 lbs. in check, and that by 
labing 2^ turns 1 lb. will hold 2500 lbs. 

"A 12-iuch belt over a 4-feet pulley, at 30 feet per second, will 
transmit the power of a 6-inch cylinder engine having 12-inch stroke, 
running 125 Epm, under 60 lbs, of steam." 

If we allow 30 lbs. average pressure per square inch on piston, this 
engine will give 6-4 horse- power, and the data above, 281.25 square 
teet of belt per horse-power per minute, which is a liberal allowance. 

Pulleys with Leather Covering. 
66w "The sliding or slipping of belts on the pulleys is an e\'il 
Hperienced by almost every one whose business dependu on machine 
power. Various means have been devised to avoid it One of tliem 
ia to strew powdered rosin or pitch on the inside of the belt. An- 
nther is to cover tbe pulleys with wood. A third is to give the rim 
wfthe pulley a curved surface. These means are only palliatives, 
and lack a thorough, steady, and continued action. Rosin and pitch 
sre soon pressed into the leather, when they not only lose their effi- 
cacy, but contribute to the rotting and destruction of the belts. A 
wood covering on the pulley gets polished in a short time, and is 
then as slippery as iron. It is therefore necessary to frequently 
roughen its surface, by which operation the diameter of the pulley is 
diminished, and tbe proportions of the transmission are altered. A 
Wnvexity of the rim of the pulley ia very effective to prevent tlie 
dropping off of the belt, especially wheu the pulley has a horizontal 
position ; but it counteracts tbe slipping of tbe belt to but a small 
meat. 
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"We therefore take pleasure in comrauoicatiug to the puhlic a 
mechanical contrivance, which completely prevents the sliding of 
belts, and all the great disadvantages resulting from it. It consietB 
in covering with leather the working surfece of the pulleys. As the 
friction of leather on leather is equal to tivs times that of leather on 
iron, and as leather can be roughened and be easily kept in thut con- 
dition, it ia evident tliat a sliding of the belts cannot take place on 
pulleys covered with leather, not even when the belts have to trans- 
roit the very highest amount of power. We have seen such pulleys 
working in sugar factories, breweries, in manufactories of German 
silver, in paper mills, machine shops, sawing mills, and in many other 
mechanical establishments, in all of which they have proved of emi- 
nent usefulness and great practical value. With pulleys which have 
to nm at a great velocity, as, for instance, those which drive blowers 
and saw-frames, as well as with pulleys of small diameter, which 
transmit powerful strains, the advantages of a leather covering are 
especially great. But besides these evident advantages resulting 
from the avoidance of the slipping, a leather covering on the pulley 
preserves the belt, in the first place, because the belt does not require 
tighteniug so hard, the friction being considerably increased ; and in 
the second place, because there is no occasion fur a rapid rotting of 
the belt. For this rapid rotting ia generally caused by the fact that, 
under the influence of the heat produced by friction, the tannic and 
eebacic acids contained in the leather of the belts combine chemically 
with some of the iron of the pulleys, forming a hard compound in 
the belts, which produces what is called rottenness, and frequently 
causes breakages. This evil is, of course, avoided by covering the 

pulleys with leather. The coverings are 

fixed to the pulleys by a kind of paste or glue, which hardens in & 
very short time, aud sticks so well to iron and leather, that the great- 
est forces can be transmitted by the pulleys without loosening the 
leather. The operation of covering is very simple, and can be done 
and renewed by every iutelligent workman. The price is Ig Pnis- 
thalers per square foot of leather, including the glue." — TranB' 
lated from Polijt CentralbMl. From Van Nostrand'a EdecHe Engi^ 
neering Magazine, Jvly, 1869, p, 6O4. 

From a " Praotioal Treatise on the Manufacture of Worsteds and 
Yarns," M. Leroux, H. C. Baird, Philadelphia, 1869, we extract 
the following : 

67. " It is rare that a force of over 10 horse-power is transmitted 
by means of bolts. 
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" For a force of 8 or 10 horee-power the belu should be double, 


vhich prevenia their stretching ; that is to say, two belts are super- 


posed and Bewed together at their edges. Thus, for a 9 horse-power 


two belta are sewed together, one of which ie 1 Rullimetre thicker 


than the other: 5.5 below and 4.5 above, making 10 millimetres, the 


thickness of a belt which will resist the action of this power and 


«ven a greater one. For low powers the thickness is always from i 


to 5 millimetres. 




Table for ascertaining the Width of Belts. 








WIDTH OF T*X»«» I BAT....R Bkit, ,- M>M.™KT.«. 














it^ia. 






A 


ft 


A 


ft 


1 


2 


3 


20 


68 


132 


328 












30 


44 


88 


220 


394 













40 


34 


66 


164 


296 













60 


26 


53 


132 


237 












60 


22 


44 


110 


197 


220 


440 








70 


19 


38 


94 


170 


188 


377 


565 






80 


17 


33 


82 


148 


165 


329 


494 






90 


15 


29 


73 


132 


147 


293 


440 






lOO 


13 


26 


66 


119 


132 


264 


396 






120 


11 


22 


65 


99 


120 j 220 


330 






140 


9 


19 


47 


86 


94 188 


283 






- 160 


8 


17 


41 


74 


82 ! 165 


247 






180 




16 


37 


66 


73 


147 


220 






200 




13 


33 


55 


66 


132 


198 






240 




11 


28 


47 


55 


110 


165 






280 




9 


24 


41 


47 


94 


141 






300 




8 


22 


39 


44 


88 


132 






360 






18 


33 


37 


73 


110 






400 






16 


28 


33 


66 


99 






aoo 






13 


24 


26 


63 


79 




600 










22 


44 


66 




700 













38 


56 




800 














50 




900 














44 




1 1000 ' 












40 




1200 1 












33 




1 1500 1 












26 






I ™ 1 












20 






"The trauBiniBsion of motion from one shaft to another, hy mean 




of belts, depends entirely upou the friotion produced by their tension 



each 
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upon the pulleys or druma arouud which they are made to move. If 
the force trausmitted by them is augmented, the friction is in like 
manner increased ; and, if iu that case the tension of the belts 
the same, their frictloa surface, or, what amounts to the ean 
breadth must be increased : the powers to be tranamitted are 
otJier OS the product of the widOi of the belts multiplied by the velocity. 

" M. Morin has found that belts of tanned leather will resist a ten- 
sion computed at 2 kiiograoini^ for every square millimetre of their 
section. 

" When it is desired to determine the width of a certain belt, mul- 
tiply tlie nuTnber of revolutions of the pulley or drum made in one miiiule 
by ife circumference, and the product will express in metreg Hie desired 
velocity. The width in millimetres will then be fouud opposite this 
number and in the column of the foregoing table of the given power. 
If pulleys, however, are not in the relation of identical diameters, but 
are in the relations about to be mentioned, then multiply the vndth given 
in the foregoing table by tlie coefficient of transformation. 

CoefRcient of Transfopmation of the Width of Belts According to 
the Relations of the Diameters of Pulleys. 

" For pulleys, the diameters of which are to each other as 1 : 2, 
the width indicated in the table will be multiplied by 0.75. For 
the ratio of 1 : 3, the multiplier will be 0.65 ; and for the ratio of 
1 : 4, 0.58." 

Experience shows that belts ought never to be less than 20 milli- 
metres wide, as they are subject to stretching and breakage. Tlieir 
width should also exceed that ascertained from the table by at least 
one-sixth. Machines working different materials, with varying quan- 
tities, undergo more or less strain. Thus, a spinniug-mule, after 
having worked ten hours, absorbs i more power than at the outset. 
Wet weather occasions the same effect, while obstructions, want of 
oiling, materials more or less difficult to spin, etc., are so many causes 
which have to be neutra!ii!ed by developing the friction surface of 
the belts. 

Loss of Velocity Suffered by Belts while in Motion. 

The variable length of the belts has au influence upon their 
slipping. When they are crossed they are less liable to slip. 

" The loss of velocity suffered by belts when mouuted depends upon 
their friction surface. 

" Long belts are less liable to slip tliau short ones, for the latter 
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arealvftyB Btretohed iuamannerinjurious to thejourualsaml brasses, 
and, notwithstanding this aitiouot of tension, they are still subject to 
a coDsiderable loss in velocity. 

" I hare undertaken soiue experimeuts la regard to loHaes of this 
nature to which belts are liable relatively to their lengths, and I 
have thought it well to prepare a table tor calculating the amount 
of motion transmitted by belts which no operator can well ilo without. 

Table Showing the Slip of Leather Belta Relatively to their Lengths. 



^ 



F..^ 


3. Bu-n. 


C«o».r 


B..,. 










tmgtb U Heltm 


"XVC" 




V,taJ,L«lb, 
SliiiplnK. 


2 


4.2 


2 


3.6 


4 


3.9 


4 


3.2 


6 


3.6 


6 


2.9 


8 


3.3 


8 


2.6 


10 


3.0 


10 


2.3 


12 


2.7 


12 


2.0 


14 


2.5 


14 


1.8 


16 


2.3 


16 


1.6 


18 


2.1 


18 


1.4 


20 


1.9 


20 


1.2 



" Belta, after having served for a certain length of time, and having 
withstood more or less tension, become greatly impaired by stretching 
and narrowing. 

"The width of belts diminisshes in proportion to the strain upon 
them. Experience shows that on the first day a belt is used it suffers 
an elongation of one per cent. This action continues to diminish till 
the third day, after which the belt works on without much change 
in its dimensions. 

"The causes producing loss of velocity in belts are, imperfect lubri- 
ration of machinery, obstructions in the journal boxes, wheel gearing 
out of line, inferior quality of leather, couplings aud sewing, and oil 
™ the pulleys. 

"When a belt slips, the difficulty is remedied by sprinkling the 
nhbing surface with a mixture of Spanish white and resin. If the 
felt is smeared with oil. Fuller's earth is employed, which has the 
p^perty of absorbing greasy substances, and the rubbing side of the 
Ifiit is then scraped with a wooden blade. 
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" Very oilen a badly-made knot In a. coupling joint will oauee the 
belt to lose 1 or 2 per cent, of velocity. 

"To transmit and secure the motion to be imparted, the belta are 
sewed in such a manner aa best to insure against their slipping ; but 
aa they always tend to elongate, in order to obviate this difficulty, the 
ende are hound together by a leather thong. These are generally of 
Hungarian leather, cut into thin and narrow strips, so as to be readily 
handlefl, as well as to avoid the necessity of punching large holes in 
the belt, which greatly lessens its strength. 

" The flaxen or hempen thread, intended for sewing belts, ought 
to be of superior quality, and smeared with some pitchy substance to 
prevent ravelling. 

"M. Huuebelle, of Amiens, manufactures very durable belts, the 
couplings of which are made of Hungarian leather prepared in some 
peculiar manner. I have substituted animal substances for thread. 
I have had good results from eel-skins, and have also tried gntall 
cat-gut. My experience has been that the belt of a spinning-frame, 
sewed with this material, may last two years without suffering any 
deterioration ; and the cost of this article is not so great as to oblige 
iw to reject its employment. 

"Pulleys should have a rise of j\ of their face width. 

"Sometimes, to impart motion to a machine situated at a distance 
from the transmission, we resort to what is called a hinder or carrying 
pulley, which consists of two small wooden drums, having a fiice con- 
vexity of ^ of their width, secured to iron axles running in brafises, 
the whole made adjustable. These drums should never be less thaa 
20 centimetres (0'°.20) in diameter ; a larger diameter never does 
harm. This contrivance, which was first introduced by a foreman 
named Buignet, stretches the belt in every direction." 

Mr. C. R. Rossman, In "Technologist" for Oct., 1871, suggests: 

6S. As a sale working tension for single leather belts the allow- 
ance of 45 lbs. to the inch of width, and adds the following: 

A 125-horse engine drives two 18-iuch belts over 8-feet pulleys 
making 75 Rpm. This gives a velocity of 1875 Fpm, and a tension 
of 61 lbs. to the inch of belt. 

" This is iu excess of the safe limit of tension generally recom- 
mended ; but we may here remark that belts of the width here men- 
tioned are generally thicker and stronger than the average belts used, 
and from which the ordinary data were taken. But, from a careful, 
examination of a great number of cases of belts of ordinary width 
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atrengiii, we Had that a safe aod judicious limit lies between 40 aud 
50 lbs. In order to increase this, however, it is uot unusual for engi- 
neers to double the thickness of the belt by cementing or riveting two 
thicknesses of leather together. But this plan, though advisable in 
dome caees, ia not «o econotntcal of power aud material as the equally 
efficient plan of increasing the width of the belt. 

" The tensile strength of good ox-hide, well tanned, has been care- 
iully examined, with the following results : 



I 



The solid leather will sustain, per inch of width, 675 lbs. 

At the rivet holes of the splices, " " 382 " 

At the lacing, " " 210 " 

Sate working tenaion, " " 45 " 

["The belts are assumed to be 1 of an inch thick." 



From C. F. Scholl's " Meohanio's Guide," pages 483-5. 

G9t " Pulleys must be true and concentric and their shutis par- 
allel, otherwise belts which run upon tbem must be guided, and the 
guiding device will wear their edges rapidly. To prevent l>elts Jrom 
running off, pulleys should be made convex on their faces, much con- 
vexity, however, is destructive to thick aud to double belts. Pulleys 
for shifting belts should be parallel -faced, except where the shafts are 
fer apart, when they may be couvex. Flanges to pulleys and belt- 
guides should be avoided, except to pulleys on upright shafts which 
have a slower motion, and where two belts run closely together on the 
same pulley, or on two pulleys of like size ; but for high speed they 
may be discarded. 

"The softer woods are better for pulleys than the harder kinds, 
bat pear- wood and nut-tree are best for cord-wheela. Grease must 
not be put on wooden wheels on which belts run. 

"Tighteners must be applied to the slack side of belts. 

" Good oak-tanned wild leather is the best for belts, and not that 
prepared with alum. 

"The belts should be cut from the centre of the skin, stretched, 
and of even thickness throughout. The ends are joined by leather 
laces, rove through uniformly-punched holes. 

"New belts are liable to stretch, and should be unlaced, shortened. 
Hew holes punched, and then laced again. 

" The most practical method of fastening the ends of belts is by 
Ihe screws shown in Fig. 11. The belt must travel in the direction 
of the arrow, and never allowed to run against the joint. 
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"The method shown in Fig. 12 is also recommended. The plate 
is of brass, rather uarrower tliau the belt, curved to the pulley, lap- 
ping thejoiut, aud receives couiitersuuk head-screws from each end of 
tlie belt. 



«^^i 



Fig. 11. 

"In Fig, 13 another plan is shown in which incurved teeth of 
malleable iron connected to a plate, are driven through each end of 
the belt wSieu butttd and j.re then clinched on the inside. 



Pig. 12. 



Pig. 13. 



"Thickness of belt does not always give strength. Small pulleys 
injure the structure of the belt by too great flesure. Single belts are 
relatively more durable than compound belts ; the latter should be 
used only on large diameter of pulleys. Gum belts and belts of 
which gum forms a part, are preferable in damp localities, but they 
should not be shifted much. 

" Horizontal running belts should be long ; their own weight doing 
the required work without excessive tension, hut is limited to a shaft 
distance of about 28 feet. At a greater distance than this, especially 
at high speeds, belts sway injuriously from side to side. 

"Powdered Colophouium may be applied to a slipping belt. 

"Belts driving mills at high speed work better than toothed 
wheele, aud all machines subject to intermittent motions, or liable to 
sudden stoppage, should be driven by belts. 

" Fat should be applied to belts, say every three months of their 
use : they should first be washed with lukewarm water, and then , 
have leather grease well rubbed in. 



A 
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"A good conipasitiou, which should be applied warm, consists of: 

Lard or Tallow 1 part. 

Fish Oil 4 " 

Colophoniura 1 " 

Wood Tar 1 " 

Engineer of considerable Praotioal Experience with Machinery 
replies : 
70. Rule for horae-powcr of a belt — 



HP X 36000 



Fx C> 



6 



= w. 



In which ITP ^ horae-power. 

" F ^ velocity of belt iii feet. 

" C^ circumferential eoutact with smaller pulley in feet. 

W= width of belt in inches. 

"Single bells have given ua the best satisfaction, taking less power 
to drive them, and adhering to the pulleys much better, and do not 
crack in bending. 

''The area of belt cootact determines '\\& driving power. 

" For fastening the ends we consider hooks the beat for small belts. 
For large belts we use hooks, with the addition of a piece of leather 
riveted over the lap. 

" The best composition ftjr preserving belts and giving them adhe- 
sioD, is oil with a small quantity of rosin in it. 

" Thin belts are better than thick ones. 

" The convexity of pulleys should be the least possible, not over \ 
inch to the foot of breadth." 

Another Engineer gives the following : 
yj. " To find the number of horse-power which a belt will trans- 
mit, multiply the number of square iuches of belt contact with the 
pulley by the velocity of the belt in feet per minute, and divide the 
product by 64000." 

A Skilful Machinist, of much Experience with Experimental 
Machinery, says : 

7;?. " The best method of joining belts that I know of is by the 
urdbary lacing. The holes therefor should be punched about f of 
an inch apart, or as near that as the equal division across the belt 
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will allow, and for wide belts 2 rows of holes should be punched, in 
a zigzag directiou, oommenciug with the lace in the middle of the 
belt, and laciug singly to each edge, returning to the centre, and 
securing the ends, crossing the lace on the outside of belt, 

"I have found this plan preferable to the one generally adopted, 
that is, of lacing double at once across the belt finishing at one edge, 
the objection to which is in the loosening of the ends of the lace and 
yielding of the joint at one edge, which will crook the belt aud render 
it liable to lateral ruiiniiig, ofi' the pulleys, against flanges, into gear 
perhaps, and may permanently stretch the belt so unevenly as to 
make straight running again matter of impossibility." 

Belts for Rolling-Mills. 

73. "Nearly all rolliug-milla in Pittsburgh are driven with belts, 
from 20 inches In breadth upwards; something like the proportions 
may be guessed at from the following : One mill has a pulley 26 feet 
diameter, 66-inch fece, with two 32-inch belts running to a pulley- 
overhead, about 8 feet diameter. Another is 25 teet diameter, 45- 
inch face. Engines with such wheels and belts are being built every 
day, giving great satisfaction. 

" The question of driving rolling-mills with belts might be dwelt 
upon, but its advantages must be apparent to any practical mao." — 
The Enghieer, March 4, 1871. 

A Large Leather BelL 

74:' "At the New Jersey Zinc Co.'s works at Newark, N. J., is 
a quadruple leather belt of unusually large dimensions. It ia 102 
feet long, 4 feet wide, and weighs 2200 Iba, The outside layer con- 
sists of 2 widths, the second and fourth layers of 3 widths, and th» 
third layer of 4 widths; all the layers being riveted and glued 
together, and the end joints of the pieces forming the several layers 
are lapped to give the greatest tensional strength to the whole. 

" It runs on an engine band wheel 24 feet diameter, with straight 
face 4 feet wide, of smooth turned iron, aud over a driven pulley oa 
the line shall of 7 feet diameter having similar face, the centre of 
which lies 5 feet above the engine shafl. 

" It has been in use three years, Is doing well and giving no trouble, 
even when doing its heaviest work, 

" The engine has a cylinder of 28 inches diameter and 5 feet stroke, 
makes 35 Rpm under 70 lbs. of steam and 14 lbs. of vacuum ; esti- 
mated capacity of belt 250 horse-power, velocity 3080.7 Fpm, and 
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49.3 square feet nf belt travelllDg per Diiiiute per horse-power." — 
J. M. Hariman. 

Mr. Banjamin Clement, M. M., of the Calico Print Works, Dover, 
N. H., communioateB the Tollowing : 
7o. "For estimating the borse-|Mjwer of belts, I use tbe furinulfB 
of Hoyt Bros., of New York, which are : 

Vx Fx f SGfiOO 

In which W^ width of belt in inches. 

»" K= velocity of belt in feet per minute. 
" HP r= horse-power. 
" S := square inches of belt in contact with smaller pulley. 

" J^=: length of belt in feet in contact with smaller pulley. 

"The above eupposes each eqiiare inch of belt in contact to raise 
^ lb. one foot high per minute. 

"All other things being equal, the area of contact will govern the 
driving power, 

"Castor-oil drainings are the best for leather belts, 

"The grain aide in all cases should go next the pulley. 

" My practice is to give ^g" per foot of breadth for the convexity 
of pulleys. 

"For covering pnlleys I use a mixture of three pints of glue made 
op with vinegar, to which I add a common teacup full of Venice 
turpentine. 

"We have at these works an 18" single belt driven by a pair of 
bevel gears. The belt pulleys about 30 feet between centres, 6 feet 
in diameter, and make 100 Rpm. The gears are 2^" pitch, 7" face, 
and have 48 teeth ; the driven one wooden cogs. According to the 
idative wear I consider them well balanced. 

"We have a double leather belt 18" wide, 35 feet between centres 
of pulleys ; the driven pulley 5 feet 10" diameter, running 116 Rpm, 
which has given off 130 horse-power by actual testa with indicator 
applied to the engine. 

"This is a belt velocity of 2,117 Fpm, and a surface velocity of 
24.42 square feet of belt per minute per horse-power." 
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The Largest Belt in the World. ^^^ 

76. " Messrs. J. B. Hoyt & Co., of New York, exhibited in Ma- 
chinery Hall a double belt of oak tanned leather, 18^ feet long, 60 
nches wide, and weighing 2212 lbs. 

" This is believed to be capable of transmitting 600 horae-power, 
and is made for the ' Augustine ' Mill of Jessup & Moore, paper 

A Heavy Belt. 

rr. "Messrs. P. Jewell & Sons, Hartford, show a double belt 
147^ feet long and 36 inches wide, and weighing 1130 lbs., or over 
2.57 lbs. per square foot. This is claimed to be the heaviest belt, per 
urface, iu the 'Exhibition."— PolyteehiUe Review, Pkilada. 

Example. 

78. "At Druid Hill, Baltimore, Md., a Babcock and Wilcox engine 
lima a 28-feet pulley fly-wheel, lagged with wood, 52 Rpm, carrying 
hree single leather belts, each 16 inches wide, and developing 500 
lorse-power, which equals a belt transmission of 36.6 square feet per 

minute per horse-power; velocity of belt, 4579 Fpm."— G. H. Babcock. 

Strength of Band-Saw Blades. From " Polyteohnio Review," Phila. 

79. " Test of the strength of eight specimens of Perrin's Band- 
Saw Blades, with brazed joints, by Richards, Ijondon & Kelly, made 
on Riehie Bros. Testing Machine, July 19, 1876 : 




No. 


Thiol™™. 


width. 


width nearmt 


Bating 
weight 


Z'^i^^- 


1 
2 
3 
4 

5 
6 
7 
8 


.0346 
.0353 
.0365 
.0337 
.0310 
.0310 
.0335 
.0310 


1.05 
.62 

.745 
1.062 
.625 
.490 
.280 
.094 


1 


7600 

4000 
6000 
3000 
2230 

2000 
2000 
485 


209,193 lbs. 

182,765 " 
220,649 " 

83,823*" 
115,090t" 
131,0601" 
213,210 " 

16,430 *' 


L 


• Broke at end of joint. f Braka mroaa oeolra of jolqt. 1 

"The average strength of the unjoined pieces was 446 lbs. for each I 
'g inch in width, and the strength of the weakest (which were tba ■ 
narrowest also), 323 lbs.; while the average strength through the! 



RULES FOR BELTINQ. 



97 



mts for each ^ inch in width was '206 lbs. per ^ inch ; in the 
weakest, 176 lbs. All the blades for the ordinarj saws are made of 
No. 19 B. W. G. Bteel, and vary only by the iuequalities caused by 
griudiog or filing the joints. The kuowledge that when a buud-saw 
is being strabed to the amount of 17o lbs. for each y'g inch in width 
ia strained to nearly its limit of endurance, may be of some value to 
the makers and uaera of baud-sawa." — John E. Sweet. 

From Dr. H. M. Howe, Franklin Sugar Refinsry, Philadelphia: 

SO, "A 24-iD(.'h diameter iron cylinder, nearly horizontal, lias a 
stream of boue-black running constantly through it at a temperature 
of 350° Fah. This is caused to revolve by a 7-iuch wide gum belt, 
applied directly to the naked cylindej-, and lasted just three inontha. 
The cylinder was used 20 to 22 hours in the 24. Beibre applying 
the nest belt the cylinder was lag^;ed with wood 1 inch thick ; two 
months of use showed no appreciable deterioration of the belt. 

" In our refinery gum bella do better than leather in hot and in 
damp situations, and in places where they are subjected to the com- 
bined influence of heat and moisture. 

"Single leather belts seem to be more economical than double ones 
in places where the atmosphere is charged with sugar and bone-black 
dust. Double belts stiffen and crack, then the pores become filled, 
and dubbing does not relieve them, but forms with the dust a glazing 
on the surface. 

" Single belts are not likely to become bo unpliable, and therefore 
bug the pulleya better, and work more than half as long as double 
belts. Gum belts make better elevators than double leather belts. 

"Our belts are generally put jle»h aide next the pulley; have had 
wme put AaiV tide next the pulley, which we prefer, believing the 
adhesion is greater, and have not observed any leas liability to crack 
wlien so used. 

"In our 'Mill Room,' where there is much sugar dust, but no great 
heat, if we keep the belts dry, they work and last well ; while in the 
'Black' rooms, where there is high heat and dust combined, belts 
are short lived." 



The Value of Rubber, Gutta-percha, and Canvas Belts 
as compared with Leather. 

8tt " Under the same circumstances, and on the same machines, 
itese bands will not last or wear one-fourth as long as leather. When 
uDce they b^in to give out, it is next to impossible to rcjiair them. 
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" Wide bands caoDot be used for or cut up into 
leather can be. 

"Leather belts may be used over and over again, and, wben of uo 
further value for belts, can be sold for other purposes. 

"A rubber baud, costing hundreds of dollars, may be spoiled ii 
few momeuts, by the laciag giving out and the band being run oil' into 
the gearing, or by being caught in any manner so as to damage tbe 
edge, or by stoppage of either tbe driving or driven pulley. A few 
moments of quick motion or friction will roll off the gum from the 
canvas in such quantities as to spoil tbe baud. 

" Leather belts may be torn or damaged, yet are easily repaired. 

" Should a rubber or gum belt begin to tear by being caught in the 
machinery, if the rent strikea the seam, it is most certain to follow it, 
even the entire length, if the machinery is not stopped. It would be 
impossible to tear leather in like tnanuer. 

"Oil, in contact with rubber belting, will soften the gum, 

" Kubber, gutta-percha, and canvas belts will continue to stretch as 
long as in use, rendering it necessary to shorten them continually. 

" During freezing weather, if moisture or water finds its way into 
the seams, or between the different layers of canvas composing these 
bands, and becomes frozen, the layers are torn apart, and tbe 
spoiled ; or, if a pulley becomes frosty, the parts of band in contact 
with it will be toru off from the canvas and leil on the pulley. 

"Gum bells will not answer for ' cross ' or ' balf-cross ' belts, for 
' shifting ' belts, ' cone pulleys,' or for any place where belts are liable 
to slip, as friction destroys tbem. , . . 

"A well-made leather band, if properly looked after — the width 
and pulley surface proportional to the amount of work to be done 
will last 12, 15, or 20 years, and yet be of value to work over into 
narrow belts." — J. B. Hoyt & Co. 

From " Rankirte's Manual of Machinery and Mill Work 
we take the following : 

82- " The flexible pieces used in machinery may be classed under 
three heads: Cords, which approximate to a round form in section 
Belig, which are flat; and Ckaine, whieh consist of a series of rigid 
links, BO connected together that the chain, as a whole, is flexible. Mr. 
Willis gives tbem all the common name of wrapping connectors, and, 
for the sake of brevity in stating principles that apply to them all, 
they may conveniently be called bands. 

" The effective radius of a pulley is equal to the radius of the pulley 
added to half the thickness of the baud. 
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"Smooth bands, Htich as belts aod cords, are Dot suited to c 
Dicat« a velocity-ratio toilh precision, as teelh are, because of tlieir 
being &ee to slip on the pulleys ; but the freedom to slip is advan- 
tageous in awift and powerlul machinery, because of its preventing 
the shocks which take place when tuechanisiu which is at rest is sud- 
denly thrown into gear, or put in connection with the prime mover. 
A band at a certain tension is not capable of exerting more than a 
certain definite force upon a pulley over which it passes, and there- 
tore occupies, in communicating its own speed to the rim of that 
pulley, a certain detinito time, depending on the masses that are set 
in motion along with the pulley and the speed to be impressed upon 
them, and until that time has elapsed the bund has a slippiug motion 
on the pulley ; ilius avoiding shocks, which consist iu the loo rapid 
commntiicatioD of changes of speed. 

"The swell usually allowed in the rims of pulleys is otie iwenty- 
/ourthjMrt of llie breadth." 

In quarter twist belts, " in order that the belt may remain on the 
pulleys, llie central plane of each pulley must pans through the point of 
delivery of the other pulley. It is easy to see tliat this arrangement 
does not admit of reversed motion, 

" The sale working tension of leather belts, according to Morin, is 
285 lbs. on the square inch. The ordinary thickness of belting leather 
is about .16-iocb, 

" The inside of the leather is rougher than the outside, and is placed 
next tlie pulleys, crossed belts being twisted so as to bring the same 
«ide of the leather in contact with both pulleys. 

" Leatlier belts, when new, are not quito of the heaviness of water, 
say 60 lbs. per cubic foot ; but, after having been lor some time in 
use, they become thinner and denser by corapreseiou, and are then 
about aa heavy as water. The weight of single belting is approxi- 
mately .068 lbs. per one inch breadth and one foot length. 

"Raw-hide /le/fs have a tenacity about one and a half that of tanned 
leather. When raw hide is used for belts or for ropes it is soaked 
with grease, to keep it pliable and protect it against the action of air 
and moisture. 

"Gutta-percha is sometimes used for flat belts. They are made of 
the same dimensions with leather belts for transmitting the same force, 
and are nearly of the same weight. 

" Woven belts are made of a flaxen or cotton fabric, a sufficient 
number of plies being used to give a thickness equal to that of leather 
belts, and cemented together with india-rubber. When made of flax, 
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tp the speed at which it runs, and g the velocity produced by gravity 
in a second {^= 32.2 feet) ; then the centrifugal tendon (aa it may be 

called) has the following value : . 

" The effect ou the band when iu motion is, that at any given point, 
the tension which produces pressure and friction on the pulleys, or 
available tendon (aa it is called), is less than the total tension by au 
amount equal to the centrifugal tension ; for tbia amount is employed 
in compelling the particles of the band to circulate iu a closei 
endless path. It is, of course, to the total tension that the strength 
of the band is to be adapted, therefore the transverse dimension 
a band for transmitting a given force must be greater for a high than 
for a low speed. 

"One of the most convenient ways of expressing the size of a fc 
is by stating its weight per unit of length ; for esample, in pounds 
per running foot or in kilogrammes per metre. When the size is 
expressed thus, the corresponding way of expressing the intensity of 
any stress on the baud is in lineal units of itself, such as feet or 
metres. Let b denote the greatest safe working tension on a band of 
a given kind, in units of its own length; w, as before, the weight 
of a unit of length; so that ui Z is the amount of the safe working 
tension in units of weight. Let T be the amount of the available 
tension required at the driving side of the band for the transmi^ion 
of power, being usually from two to two and a half times the force 
to be transmitted. Then the total tension is 

T+''B^=wl, i 

9 ' 

" Whence it is obvious that the required weight per unit of length 
is given by the following formula : 



" For example, suppose that the band is a wire rope, that the 
greatest working tension is to be equivalent to the weight of 2900 
leet of the rope, and that it is to run at 100 feet per second; thea 
we have 

l^ 
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"And conBequeutly the weight per running foot of the rope required 



2900 — 310 2590 

"Or about one-eighlh part heavier than the rope required, for a 
speed BO moderate as to make the centrifugal tensioD uuimportant. 

" In fixing the value of the greatest working teusioti on a wire 
rope, a proper deductiou muat of course be made fur the stress pro- 
duced by the bending of the wires round the pulleys. 

" That stress is given in equivalent length of rope by the espreaeion 

—, where D is the diameter of the Braallest pulley round which the 

rope passes, d the diameter of the wire of which the rope is made, 
and h the modulus of elasticity of the wire, in length of itself, viz.: 
about 8,000,000 ieet, or 2.400,000 metres. That is to eay, let f, be 
length of the rope equivalent to the greatest sale working tension 
oil a straight rope ; / as before, the length equivalent to the actual 
greatest working tension, then 



" In the case of leathern belts, b may be estimated at about 660 
feet, or 200 metres. 

" Ju the case of a leather belt running at the rate of 100 feet per 
second, the weight per unit of length required, in order to exert a 

given available tension, is increased in the ratio of ;= ' 

^ 660 — 310 350 

or to nearly double, as compared with that of a belt whose centrif- 
ugal force is unimportant. 

" The sectional area of a leathern belt may be calculated approxi- 
mately in square inches by multiplying the weight per running foot 
by 2.3 ; or in square millimetres, by multiplying the weight in kilo- 
grammes to the running metre by 1000. 

" The ordinary thickness of a single belt being about 0.16 inch, or 
4 millimetres, the breadth may be deduced from the sectional area 
by dividing by that thickness. 

"The length (L) equivalent to the modulus of elasticity of a leath- 
ern belt, as calculated from Sevan's experiments, is about 23,000 

, or 7000 metres." 
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The Sliding of Belts and its Prevention. 

S4> "The Prakthehe MtMckiiien Coiulructeur aflbrds »s an excel- 
lent paper upon the above topic, the translation of which reads aa 
follows : 

" The most convenient and lea^t expensive mode of transmitting 
power consists, undoubtedly, in the use of belts. Heverthelesa, this 
system, owing to the sliding of the belts, is connected with a great 
loss of power that is seldom observed. Let us suppose two « 
sponding pulleys, of the same diameter, in motion at a moderate 
velocity. In case the tension of the belt is sufficiently great, and 
tbe pulleys not too small, it may be difficult at first to perceive the 
sliding of the belt ; but il' the rotations of both the pulley and the 
belt are counted, a difference iu their number will, in nearly all 
cases, be discovered, the belt performing a less number of rotations- 
than tbe pulley. We thus become aware that the belt slides upon 
the smooth surface of the pulley, owing to the fact that the power 
sought to be transmitted by the belt is greater than the friction of 
the leather upon the iron, and that this power overcomes the friction, 
more or less slowly, according to the circumstances of the case, 
regard to this, it is self-evident that tbe velocity and diameter of the 
pulleys must be taken into account, for the friction is more ee 
surmounted at a rapid velocity than at a slow one, and pulleys of 
large diameter offer to the strap more surface, and this increases the 
friction. Tbe consequent sliding of the straps takes place the n 
easily the greater the peripherical velocity and the power to be trans' 
mitted, on the one hand, and the smaller the diameter and the' 
breadth of the driver or pulley on the other. 

"Tbe sliding of the belt, however, represents a loss of power an<J, 
fuel. Supposing that the two corresponding pulleys, of equal diam- 
eter, the turning one makes 100 rotations in a minute, and the turned 
one 95, there will be a loss of nearly 5 per cent, of the amount of 
force generated by the motor. 

"It wiil become clear why the loss amounts to not quite 6 per 
cent, when it is taken into consideration that in sliding there will be 
a surplus of the transmitted force over the frictional resistance of tha 
belt, which will be expended iu the removal of the friction. Thiiti 
may be most easily recognized when we have a very considerable 
transmission of power, and when a perceptible sliding occurs, ae, for 
instance, in driving a hydraulic press. If the pressure upon the pi»^ 
ton of the pump is much greater thau the friction of the belt upon 
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the drum, the farmer Is stopped in its motion, while tbe belt runu 
urounO the driving pulley, the motor itself thereby attaiiia au accel- 
erated velocity, from which it follows that the force remilred to over- 
come the friction ia less than tlie one Deceueary lor the workiug of 
ibe hydraulic press. 

" In order to ascertain this loss of power for all cases, numerous 
and extensive experiments had to be undertaken. It may be stated 
here that this loss may amount to as much es 20 per cent., according 
Co the circumstaDces. It may appear, at first, that the best means 
of guarding against this loss would be to construct the pulleys, in 
regard to diameter and width, so that the resistance of friction could 
not be overcome by the power transmitted. Nevertheless, upon a 
closer examination, it will become evident that this can, in most 
iustances, only be accomplished at great expense. The outlay for 
leather belts is already considerable in an establishment of medium 
size, and would be still greater if all the belts were to be taken of 
such a width as is necessary for the prevention of sliding. Other 
means have, therefore, been proposed and applied. For instance, an 
endeavor was made to increase the friction of the leather upon the 
iron by spreading pulverized rosin or asphaltum upon the belt In 
instances where the latter ceases to draw, the effect shows itself-at 
once : but, nevertheless, only for a short time, Ou account of the 
pressure, the resinous powder penetrates the belt, so that its surface 
soon becomes as smooth as liefore, while the leather soon gets brittle 
and is gradually destroyed. 

"The covering of the pulleys with wood is leas objectionable, but 
it can find only a limited application. Only a wide pulley can be 
lined in this manner; but as the wood soon gets as smooth as the 
iron, it is necessary to roughen its surfaces repeatedly. This brings 
about a change iu the diameter of the pulley, as well as in the 
amount of force transmitted. 

"A third preventive, which seems to have found extended appli- 
caUon, consists in giving to the pulley a convex surface, but whe- 
ther this prevents the belt from running off is yet to be proven. The 
writer has ascertained that in consequence of the convexity of the 
drums, the belts will be stretched more in the centre than at the 
edges, and that as the fVictional surface thus becomes smaller, the 
danger of sliding is increased. 

"The covering of the pulleys with leather is undoubtedly the more 
advantageous, as thereby the frictional resistance is increased ; the 
co-eiBcient of friction of which, with the leather, is considerably 
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greater thaa that of the leather upon iron. The latti 
0.25, the former to 1,25, which is juat five timea more. 

" The resistance of friction may, nevertheless, be greatly iucreased 
by roughening the leather lining, and keeping it thus by means of 
an alum or salt solutloD. The great benefit to be derived from this 
system has been demonstrated by practical tests. 

"We give some of the results of the new system, A spinning- 
machine was made to produce, continually, a uniform thread, while 
by the sliding of the belt it produced a thread containing knots and 
unequal spots. Ventilators which made only 1100 rotations per 
minute, in consequence of sliding, made 1400 after sliding was pre- 
vented. In a 9team-mill, with five run of mill-stones, each set ground 
27 bushels per day after the pulleys were covered with leather, while 
before the amount ground per day was only from 23 to 24 bushels. 
Moreover, the troublesotne falling off of belts, which previously 
occurred very often, ceased altogether. In a paper-mill, a rag engine 
did 15 per cent, more work per day after its pulleys were covered 
with leather. In sugar-mills, fur the beet crushers the centrifugal 
and other apparatus, this system has been fully approved, and it can- 
not be doubted that it will be of advantage wherever introduced. It 
may be remembered that leather may also be used in establishmenta 
where the power is transmitted by wire-ropes. It is in such cases 
preferable to wood, cork, asphaltum, and gum. 

" The reason why the belts last longer is to be attributed to the 
fact that the increased friction allows a lesser degree of tension of 
the belts than would be the case if they were to run on a smooth 
iron surface. It is well known to every machinist, that for great 
transmissions of power the belts, if running on an iron surface, must 
be stretched to the utmost limit. This may be regarded as one of 
the causes of the rapid destruction of the leather, 

"The same result is brought about sooner from the circumstance 
that, on account of the iriction, fine particles of iron are detached, 
which, by combining with the tannic-acid and the fatty acids in the 
leather, form compounds, which, by jieoetrating the leather, cause 
the same to become brittle. By covering the pulleys with leather, 
this evil is prevented. But the chief cause of the rapid destructioa 
of the leather is to be attributed to the sliding itself, which, as before 
mentioned, represents a useless loss of power. By the friction of the 
leather upon the iron heat is generated, which causes what is called 
the ' burning ' of the leather. 

" Therefore, by running belts upon smooth iron pulleys, not only 
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tlie power to be transmitted ticU destructively upon the leather, but 
other causes also, which is not the case when leather-band wheels are 
employed. The application of leather to the wheel is very simple 
Md easy, and may be done by means of glue by any intelligent work- 
man." — Technologist, Nov., 1870. 

Mr. F. W. Baoon sends us the following : 

Sof. "A VI" cylinder, 36" stroke engine, running 66 Rpm, with 
10-feet fly-wheel pulley, drives a 6' 6" pulley, 19 feet horizontally 
away, and 8 feet above the engine shaft; both pulleys of iron. 
gmoothly turned. Over these passes a 14" single leather belt, with 
strips 2" wide secured to each edge of the outer face ; top fold of belt 
B^ 20" from the straight line between pulley surfai^a. The belt ia 
about 80 feet long, and was dressed with castor oil when started; 
has been running 4 months, does not slip under heaviest load, ad- 
heres closely to pulleys, even at the edges, owing to the increased 
tension put upou the belt by the strips. The engine indicates 35 to 
40 horse-power. At 40 it gives 60.475 square feet of bell per horse- 
power [ler minute. 

"Another case which may be of interest is that of a belt 12" wide, 
68 feet long, stripped at the edges like the above ; is driven by a 53" 
diameter pulley, unturned, around two pulleys on a vertical shaft, 
thence to a 40" diameter smooth-turned pulley at right angles to the 
driver, which makes 101 Rpm. The work done is from 25 to 30 
horse-power. The belt is dressed with castor oil, and is ample; at 
30 horse-power it ia 35.256 square feet of belt per minute per horse- 
power." 

I have the case of an 18-inch diameter hy 36-inch stroke horizontal 
steam-engine, runuing 60 Rpm, and indicating 77 horse-power. It 
has a 12-feet pulley fly-wheel, over which runs a 14^-inch, much 
used, double leather belt. This belt drives a 5-feet pulley, the centre 
of which is 24J feet from aud lOJ feet above the centre of fly-wheel; 
the lower fold draws, and the belt runs quite freely without slipping. 
These figures give a velocity of surface equivalent to 35.5 square feet 
per horse-power per minute. 

A certain 13-inch pulley on a shaft running 203 Rpm carries a 
belt 2.25 inches wide, and drives a 20-incb pulley on a shaft 20 feet 
vertically above. The pulleys are smooth turned iron, and the belt 
of single leather, with grain side to pulleys. 

This belt had been running a year or more, under a tension which 
was limited only by the strength of the lacing. It was used to con- 



108 



BULES POK 



vej two haree'power to the upper eliaft. but was eonetdered by the 
lessee to be une(]ual to the task, even when tightly drawn, and its 
adhesioo increased by free application of rosin. 

It was admitted by both parties that the belt was worked to ita 
ft] Heat capacity. 

In order to ascertain the exact amount of work done by the belt, 
the following experiment was made : 

On the driven shaft above was a smooth turned iron pulley, 6-25 
feet in circumference and 4-incb fece; over this was thrown a 3-inch 
leather belt, with grain side to pulley, and to its ends were attached 
unequal weights, such that the 2.'25-inch belt was subjected to its 
maximum working-power. These weights were 203 lbs. and 2.25 Ibe. 
tjpeed of friction pulley was taken at 132 Rpm. 

Then we have 132 X 6.25 = 825 = velocity of 3-inch belt in Fpm, 

,825x 200.75 ._,„ , ^ o ■ , u i, 

*"'* — ;;;r;i.T7 — = 5.018 = horae-power oi 3-mch bcli. 



33,000 
This is equivalent to a dri 



!l of belt 



g-power of 41.1 equal 
per minute per horse-power. 

A single leather riveted belt of ordinary make connects a 60-incli 
to a 30-inch pulley ; both of smooth turned cast iron : the centre of 
the latter being 8 feet horizontally distant 5 feet above that of the 
former. The 60-inch pulley drives and makes 80 Rpm, the top fSld 
of belt sagging 13 inches from the straight line. This belt does not 
slip, runs with the hair side to pulleys, has been iu use more than six 
years, was originally 9 inches wide, is now 8 inches, runs onp. inch 
crooked, and during the first two years of its existence was exposed 
to the weather, frequently saturated with water, but is now soft and 
adhesive by the application of prepared castor oil. 

Horae-power transmitted, 14.48 indicated, which is equivalent tc 
57.826 square feet of belt travelling per minute per horse-power 

Rule for Ascertaining the Horse-power of Belts, by Mr. Baoon. 

We convert the text into the following : 



111 which HP ^ horse-power transmitted. 
V = velocity of belt in Fpm. 

c :^ contact of belt with smaller pulley in lineal feeL 
w = width of belt in inches. 
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Page's Patent Tanned Leather Belting. 

S6' TLig excellent belting leather is made by Page Brolliers, iu 
Concord, N. H, It possesses greater pliability, strength, and durabil- 
ity than the ordinary tannage, will endure moigture better, ia lighter, 
adheres to glue and cement as well as any tHlting, and, being soller, 
will answer l>etter for round bells. It has been thoroughly and 
successfully tried, aud costs no more than well-made oak-tanned 
belting. 

A trial showed 25 per cent more adhesive power than liani oak or 
hem lock- tanned leathers, and a test of strength proved that, while 
IO50 Iba. broke a 1^-inch wide oak-tanned belt, it required 1850 Ibe. 
to break the same size Page belt. 

The single belta are j-inch, the light double belts ^g-inch, and the 
heavy double l-inch thick. 

The light double belts, which are about the same price as best 
single, work well on cone and flange pulleys, and, of course, very 
well where running free and where much shitted. 

Shafts and Pulleya. 

" In the location of Bhafls that are to be connected with each other 
by belts, care should be taken to secure a proper distance one fmni 
the other. It is not easy to give a definite rule as to what this dis- 
tance should be. 8ome have this rule : Let the distance between the 
shafts be 10 times the diameter of the smaller pulley. But while 
this IB correct for some cases, there are many other cases in which it 
is not correct. Circumstances generally have much to do with the 
arrangement, and the engineer or machinist must use his Judgment, 
making all things conform, as iar as may be, to general principles. 
This distance should be such as to allow of a gentle sag to the belt 
when in motion. 

" A general rule may be stated thus ; Where narrow belts are to 
be run over small pulleys, 15 feet is a good average. For larger bells, 
working on larger pulleys, a distance of 20 to 25 feet does well. 
Hhafls on which very large pulleys are to be placed for main or driv- 
ing belts should be 25 to 30 feet apart. We know of shafting located 
as above stated, where the belts work in a very satisfactory manner, 
the slack side, while in motion, having a sag of 1^ to 2 inches on the 
abort distances above mentioned, while the larger belts show a similar 
sag of 2^ to 4 inches, the main belts working well with a sag of 4 
to 5 iDcbes. 
_ " If too great a distance is attempted, the weight of the belt will 
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produce a very heavy sag, drawing bo hard on the shaft as to produce 
great frictiou ia the bearings, while at the same time the belt will 
have an uusteady, flapping motion, which will destroy both the belt 
and the machinery. 

" The connected shafts should never, if possible, be placed one 
directly over the other, as in such case the belt must be kept very 
tight to do the work. 

" It is desirable that the angle of the belt with the floor ahould not 
exceed 45°. It ia also desirable to locate the shafting and machinery 
t«o that belts shall run off from each shall in opposite directions, as 
this arrangement will relieve the bearings from the friction that would 
result where the belts all pull one way on the shaft. 

" If possible, the machinery ahould be so planned that the direction 
of the belt motion shall be from tbe top of the driving to the top 
of the driven pulley. 

"All pulleya should be carefully centred and balanced on tbe 
ehafting. Driving pulleys on which are to be run shifting belts 
ahould have a perfectly flat surface. All other pulleys should have 
a convexity in the proportion of about -^ of an inch to one foot in 
width. The diameter of the pulleya should be as large as can be 
admitted, provided they will not produce a speed of more than 3000 
leet of belt motion per minute. Wiien this speed has been obtained, 
the possible size of the pulley may be reduced in proportion to tbe 
speed greater than 3000 Fpm, as this speed ia considered the limit 
of economy. The pulley abould bo a little wider than the belt 
required for the work. It is also well to consider tbe possibility of 
lidding, at some future time, more machinery than at first contem- 
plated, and to make all needed provision for such possible increase. 
Such a course often proves a large saving of expense, or, what amounts 
to the same thing in the end, guarantees the machinery against over- 
work. Every pulley not placed in a damp room should be covered 
with a good leather lagging, put on by an experienced workman. A 
pulley 80 covered is capable of much greater and better results, as the 
belt is not so likely to slip. Repeated experiments prove that the 
advanti^e of leather-covered pulleya over all others is fully 33J per 

" The whole arrangement of shafting and pulleys should be under 
the direction of a mechanical engineer, or a machinist thoroughly 
competent for such work. Destruction of machinery and belter 
together with unsatisfactory results in the business, ia a common 
experience which may, in most cases, be traced to want of knowledge 
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in tlie arraugemenU of tlie macbiuery, tuid in the width aud 
Htyle of the tx^lu buught, auil iu the manner of their use, while man- 
utacturersot' the machines and belts I e«|)e4.-ially the latter) are oflca 
blamed for bad results which are caused by the tiiulty muuagemeut 
of the mill owucr blra8el£" 

Purchasing Belts. 

■' Having properly arranged the macluuery for the reception of the 
beJm, tbe next thiug to be determiued is the leugtb and width of the 
belts. 

"Wlien it ia not convenient to measure with the tape-line the 
length required, the followiug rule will be found of service: Add tho 
diameters of the two pulleys together, divide the rei^ult by 2, and 
multiply the quotient by 3j. Add the product lo twice the distance 
hetweeu the centres of the shafts, and yuu bave tbe length required. 

" Tbe width of belt needed depends on three conditions. 1st, the 
tension of the belt; '2d, the size of the smaller pulley and tbe 
proportion of the surface touched by tbe belt ; 3d, the speed of 
the belt. 

"The average strain under which leather will break has been 
found, by many experiments with various good tannages, to be 3200 
lbs. per square inch of cross section. A very nice quality of leather 
will sustain a somewhat greater strain. In use on the pulleys, belts 
should not be subjected to a greater strain than -^y their tensile 
strength, or about 290 lbs. to the square inch of cross section. This 
will be 55 lbs. average strain for every inch in width of single belt 
^g inch thick. The strain allowed for all widths of belting — single, 
light double, and heavy double- — is in direct proportion to the thick- 
ness of the belt. This is the safe limit ; for if a greater strain is 
attempted, the belt is liable to be overworked, in which case the 
result will be an undue amount of stretching, tearing out at tbe lace 
or hook holes, and damage to the joints. When the belt is iu motion 
tho strain on tlie working side will be greater thau on tbe shick 
side, and the average strain will be one-half the aggregate of both 
sides. 

" The working adhesion of a belt to the pulley will be in propor- 
tion both to the number of square iuches of belt contact with the 
surface of the pulley, and also to the arc of the circumference of the 
pulley touched by tbe belt. This adhesion forms the basis of all 
light calculation in ascertaining the width of belt necessary to trans- 
mit a given horse-power. A single l>elt ^ inch thick subjected to 
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the strain we have given aa a safe rule — 55 lbs. per incb in width — 
when touching J of the circumference of a turned iron pulley, will 
adhere ^ lb. per square inch of surface coutact; while, if it be a 
leather-covered pulley, the belt will adhere | of a !h, per isquare inch 
of coDtaot, If tbe belt touches but ^ of the circumference of the 
pulley, the adhesion is only J lb. to the square inch of contact with 
the iron pulley, and ^ lb. per square inch on the leather- covered 

"The adhesion one inch in width of the belt has on the pulley is 
the number of lbs. which each inch in width of belt is capable of 
raising or transmitting. Multiplying this by the velocity of the belt 
in Fpm will give the total number of Iba, each incb in width will 
raise or transmit one Fpm. Now multiply 33,000, tbe number of 
iba, raised by one horse-power one Fpm, by the horse-power to be 
transmitted, and divide this product by the number of lbs. which one 
inch in width will raise or transmit one Fpm, and the quotient will 
be the width of the belt required. 

" These facta reduced to working formulas give the following : 



Pkofobtion op 


r.^^.0.^..... 


Leatheb Covsud FDu.sr. 


One-quarter 
Circumference. 


^j, HP X 33000 
Velocity r contact 
in feet ^ ini^f^. 


jj, HP X 33000 


Veloaiy \ contact 
in feet in indies. 


One-third 

of 

Circumference. 


,j^ HP X 33000 
Velocity ^ 1 contact 
in feet (^ inches 


^ HPx 33000 
Velocity 1 eontaet 
in feet ^ ininchet. 


One-half 

of 

Circumference. 


jj, HP X 33000 


^, HP X SSOOO 


Velocity ^ contact 
in feet in inches 


Velocity \ contact 
infect in inches. 


Two-thirda 

of 

Circumference. 


^j, HP X SSOOO 
VelocUy ^ I contact 
iji feet in inches 


HPx SSOOO 


Vetodty^fnUeonlact 
in feet ^ in inches. 



"From this table it will be easy to calculate the width of belt 
required in all cases where the horse-power is known. We have taken 
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paina to explain the method 8omenhat at length, in order that the 
principle may be understood. 

" In all this calculation it must be borae in mind that the strain 
allowed on the belt is 290 lla. per square inch of cross section; so 
that the thicknesa, as well as the width must be considered. Cous^ 
fjuentlj, a double belt must be used where it is necessary to transmit 
a larger power with a narrow belt. Agaiu, to increase the driving 
power of a belt, the pullej's may be enlarged in circumference, thus 
increasing the speed of the belt. This can orteu be done with advan- 
tage, provided that the speed be not carried above the sate limit. 

" Having obtained the leugtlis and widths required, care should be 
taken in the purchase of the belts to get a standard article. Always 
avoid belting made from leather tanoed with sulphuric acid, alum, 
and other chemicals, by which the hide is rapidly cured aud made 
thick, but of coarse fibre. The leather should be pliable, of tine, close 
fibre, solid in its appearance, and of smooth, polished surface. The 
character of the workmauship ghould also be considered. The beltiug 
should iie of substantially uniform thickness, and the laps thoroughly 
made and fastened." 

Putting on Belt). 

*' With a tri-square cut the ends of the belt perfectly true. Punch 
the holes exactly opposite each other in the two ends. The grain 
'side of the belt should be run nest to the pulley. Many good 
methods for fastening the ends of the belt together are in use ; but, 
undoubtedly, the lacing is the best, as it is flexible like the belt, and 
runs noiselessly over the pulley, 

" In punching a belt for lacing, it is desirable to use an oval punch, 
the longer diameter of the punch being parallel with the belt, so as 
to cut ofi* as little of the leather as possible. There should be in 
each end of the belt 2 rows of boles placed Kigzag- In a 3-inch belt 
there should be 4 holes in each end, 2 in each row, A 6-inch belt 
should have 7 holes — four of them in the row nearest the end. A 
ll^inch belt should have 9 holes, in same form. The edge of no hole 
should come nearer to the side of the belt than ^ of an inch, and not 
itettTer the end than | of an inch. The second row should he at 
least 1| inches from the end. On wide belts these distances should 
be even a little greater, 

" Begin to lace in the centre of the belt, and take much care to 
keep the ends exactly in line, and to lace both sides with equal tight- 
ness. The lacing should not be crossed on the side of the belt that 
runs next to the pulley." 
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Care of Belts. 

" Belts should never be oiled except when they become dry &ni 
hard, and theu oil should be used very sparingly. Oil not only rots 
the leather, but it causes the belt to stretch. In oiling or greasing a 
belt avoid everything of a pasty nature. The belt should be made- 
pliable, not covered with a sticky su balance. 

" In ' taking up ' belts observe tbe same rules as In putting on new 

" Never add to tie work of a belt so much as to overload it." 

Friction of Belts, 

87t "The friction of belts upon pulleys depends upon the extent 
to which they are tightened, the extent of circumference with which 
they are in contact, and their breadth. It is commonly believed that 
the greater the diameter of pulley, the more surely does the belt 
cause it to revolve without slippiDg. Theoretically, however 
we believe practically, it will be found that, with equal degrees of 
tightness, equal breadth of belt, and equal circumstances as to per- 
fection of contact, the friction of a belt on the circumference of 
pulley is the same, whatever be its diameter. The only circumstance 
that can affect tlie constancy of the result, is that belts not being 
perfectly flexible, lie more closely to surfaces curved to a large 
than to those of smaller radius. When a certain amount of 
has to be communicated through a belt, the speed at which the belt 
moves has to be taken into account, because power being pressure 
multiplied by velocity, the greater the velocity with which the power 
is transmitted, the less the pressure that has to be communicated at 
that speed. In this sense, then, it appears that the larger the pulley 
the less is the slip of the belt, because the greater the circumference 
of the pulley, revolving at a given angular velocity, tlie greatt 
its absolute velocity through space, and therefore the less the pressure 
required to communicate a given pitwer. 

"It is found, practically, that a leather belt 8 inches wide, embrac- 
ing half the circumference of a smoothly turned iron pulley, and 
travelling at the rate of 100 Fpm, can communicate one horse-powi 

"When less than half the circumierence of the pulley is embraced, 
the strap must be proportionally wider ; and when more than half 
the circumference is embraced, its width may be less. 

" The law according to which the friction of a belt increases witlt 
an increased arc of contact, is of a peculiar character; but may be 
readily understood by comparing the I'riclion on arcs of different 
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lengths. If a pulley (of any iliameter whatever) were prevented 
from revolving, and a belt passing over part of its circumference 
were stretched by a certain weight at each end, additions might be 
made to the weight at one end until the belt began to slip over the 
pulley. The ratio which the weight so increased might bear to the 
weight at the other end, would measure the amount of friction. 

"For example, in experiments made to test a theoretical investi- 
gation on this subject, a belt passing over a pulley in contact with 
60° of its circumference, was stretched by a weight of 10 pounds at 
each end. One of the weights was increased until it amounted to 
16 pounds, when the belt began to slip. The ratio of 16 to 10, or 
|[[ = 1.6 was then the measure of the friction. When 20 pounds at 
each end were used to stretch the belt, the one weight was increased 
to 32 pounds, giving the ratio of f j = 1.6, the same as before; and 
likewise, when 6 pounds were used for stretching, the weight at one 
end was increased to 8 pounds, giving still the same ratio, | = 1.6. 
8o far, then, the friction was precisely proportional to the atretching 
weight, as m.ight have been expected from the ordinarily received 
doctrine on the subject of friction. On extending the arc of contact 
to 120°, the ratio was found to be 2.56, or 1.6'^. And again, on em- 
bracing 180" the ratio was found to be 4.1, or very nearly 1.6^. 

"The theoretical investigation brought out this result independ- 
ently, and the following law may therefore be taken as established : 

" If, for any given arc of contact, the one weight beara to the other, 
at the point of slipping, a certain ratio — for double the arc, the ratio 
will be squared ; for triple the are, it will be cubed ; for four times 
the arc it will be raised to the fourth power ; and so on. 

" In all cases, however, much depends on the tightness of the belt, 
the limits to the force with which it is strained being, first, the tensile 
strength of the belt itself, and, secondly, the amount of pressure that 
it may be convenient to throw upon the shaft and its bearings. New 
belts become extended by use, and it is therefore frequently necessary 
to shorten them. Before use, they should be strained for some time 
by weights suspended from them, so as to leave less room for exten- 
eion while in use. Wherever belts are employed, they should be of 
tie greatest breadth, and travel at the greatest speed consistent with 
convenience, aa it is most important to have the requisite strength in 
the form best suited to fiexure, and the least possible strain on the 
abaAs and bearings. 

" When ropes or chains are employed, as in cranes, capstans, wind- 
lasses, or the like, for raising heavy weights or resisting great strains, 
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the requisite amount of friction is obtained by coiling them mora 
than once round the barrel of the apparatus. It is found that one 
complete coil of a rope produces a friction equivalent to nine 
the tension on the rope, the barrel being fixed. Two complete coils 
of the rope produces a friction equivalent to 9 x 9 times the tension, 
and 80 on. The diameter of the barrel does not affect the result. 

" Having regard to these facts, we may readily understand the 
force with which a knot on a cord or rope resists the slip of the coils 
of which it consists, for the several parta of the cord act as small 
barrels, round which the other parla are coiled ; and the yielding 
nature of the material of which the barrels are composed, permits 
the coils to become impressed into their substance on the application 
of force, and prevents them from slipping more effectually than if 
they were coiled on a hard and resisting barrel." — From Wylde'» 
OiTcle of the Stieiicei, London, 

. K. Rider, of Delamater Iron Works, N. Y., 
has favored us with the following : 
88, "Our rule, which appears to work well and gives very satis- 
lactory results, is based on the assumption that a belt oue iueh wide, 
when properly surfaced and sufficiently tight, and bearing on not less 
than \ the circumference of smaller pulley, will transmit a force of 
19| pounds at any velocity. The power of a belt, in foot pounds, is 
thus readily obtained by multiplying its velocity in Fpm by its width 
in inches, and again by 19J. The generally received rule is, 144 
square feet of surface passing per minute equals oue horse-power, and 
the cohesive strength of good belting is taken at 4000 pounds per 
square inch of section as its breaking strength." 

From Spon's " Dictionary of Engineering," p. 312. 

S9. "Belts and drums form very eifective friction-couplings. If 
a machine driven by a belt becomes accidentally overloaded, the belt 
slips upon the drum, and a break-down is generally prevented. By 
the introduction of fast and loose pulleys the driven shaft can be set 
in motion or stopped with perfect safety, whilst the driving shaft is 
running at full speed. The motion of belts and drums is much 
smoother than that of gearing, and they can be readily applied to 
machines which require a high velocity, whei 
would be quite inadmissible. 

" The best description of leather for belts is . 
with oak-bark by the slow, old-fashioned proct 
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and dressed iu such 
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a way aa to retain firmoess and toughness, without harshne^ and 
rigidity. The prime part of the hide only, called the butl, should be 
used ; these are cut out of hides in the preliminary preparing pro- 
cess, and tanned by themselves, aftemarda stretched by machinery 
and allowed to dry while extended. Strap-butts of best leatlier can 
be permanently elongated 4 to 5 inches. 

"For light work, belts of single substance are sufficient, the strips 
of leather being joined together by feather-edged splices, first cemented 
and then sewn. Single belting varies in thickness from ^^g to j inch. 
For heavy work, double and sometimes treble layers of leather are 
required, cemented and sewn through their entire length. The 
material used for sewing is either strong, well-wased hemp, or thin 
strips of hide pre|)ared with alum. The latter is generally used iu 
the North of England; but its advantages over good waxed hemp is 
doubtful. The thickness of double belting is from i^ to ^ inch. 

"An improvement in the ordinary double belt has been introduced 
by Messrs. Hepburn & Sons, of Southwark, who have given much 
attention to this branch of leather manufacture. It consists in the 
use of a corrugated strip of prepared untanned hide for the outer 
layer of the belt, and the usual tanned leather ii)r the inner layer, 
riveted together by machinery. The rivets are made of copper or 
malleable iron, and have their ends spread, bent, and driveu in flush 
with the surfaces of the layers. Metallic sewing of this kind is also 
applied to double belting made entirely of leather, and has been 
found to work well, and is more durable than ordinary hand-sewing. 

"The drum should be ^g-iuch per foot of width, rounding except 
in the case of small bigh-epeed pulleys, which should be | to ^-inch. 

" In order that the natural tension of the belts shall remain con- 
stant, and not exceed, though equalling the value calculated, it is 
requisite to use t^ision rollers. The weight, IT, of these rollers is 

found by the approximate expression, W^ — f — ; wherein a is 



half the obtuse angle A D B, tbrmed by the l>elt upon ' 

weight rests, and may 

be assumed a priori ; 

the angle between tl 

line A B and the hoi 

zontal line A C : tli. 

is, the angle B A C ^ 

b, and T = tension e 
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"In fixing the belt, care must be taken to give it such a length 
that, when at repose, it shall only have a niinimum flexure." 

From Leonard's "Mechanical Principia" we make 
the following extracts: 

90. " If the power to be transmitted exceeds 20-horae, and ■ 
cumetances will not allow the centre of the drums to be over 15 feet 
apart, the power should be transmitted by gearing." 

A table is given which is based upon the following data: One 
horse-power is tranamitted by belts, 1.8, 1.2, 0.9, 0.72, 0.6, 0.514, 
0.45, 0.4, 0.36 inches wide, if carried over pulleys 2, 3, 4, 5, 6, 7, 8, 
9, 10 feet diameter respectively, at the velocity given above. 

" It is immaterial whether the smallest drum is the driving or the 
driven drum ; if the diameter of the smallest drum remains constant, 
the width of the belt will remain constant ; if the diameter of the 
other drum should be increased indefinitely." 

Example. 

9J. A horizontal " Corliss " engine, having a 23-inch by 48-inch 
cylinder, making 52 Epm, has an 18-feet fly-wheel pulley; upon thia 
runs a double leather belt, 28 inches wide and 80 feet long, driving 
a 6-feet diameter pulley, whose centre is about 18 feet horizontally- 
distant, and whose bottom face is about on a level with the top of 
the fly-wheel pulley face ; both pulleys of iron, smoothly turned. 

The lower fold of belt drives ; the top fold runs quite freely, with 
considerable sag. 

The maximum load of engine is 217 indicated horse-power, the . 
minimum about 150. These figures give 31.6 and 45.75 square feet 
of belt per minute per horse-power respectively. 

Comparison of Single and Double Belt 

02. A 34-inch pulley on a line shaft running 200 Rpm, drives a 
44-inch pulley on a grindstone shaft. The grindstone ia 72 inches 
diameter, its shaft nearly on same level as Hue shaft, and 7 feet 4 
inches away.. About midway between these pulleys, a 10-inch diam- 
eter tightener, weighing 90 lbs., rests upon the top fold of belt, bear- 
ing it down 14 inches from straight line of pulley faces. This tight- 
ener is carried by a horizontal swinging frame, having radius arms 4 
feet 6 inches long. A 7-inch single leather belt, of best make, was 
completely worn out in four months, another lasted seven monthsjj 
while a 7-ioch doubie oak-tanned leather belt lasts about four yearu. 
■ — Sumuel Bevnn, at H. DUdon & Sons' Keydone Saw-Worka, PhiladtL 
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From "Treatise on Mill Gearing," by Thomas Box. 
E. & F. N. Spon, London, 1869. 

93. "The laws by which (he proportion of the entire circum- 
fereuee embraced by the belt governs the ratio of the weights T I are 
very eomplieated. Let 



F ^ the co-elficient of friction. 

L ^^ length of circumference em- 
braced, iu feet or inches. 

£^= radius of the pulley, in the 
^^K- same terms as L. 

^^^V=: the greater weight in Fig. 15. 
^^^B=^ the lesser weight. 
^^^K" These fonnulce cannot be worked except 
^^^Een take the following forms : 

^Kff. T= Log.t + i 4343X ^ \\ 

m 



TkmT=l>i(S.71S)' 



f logarithms, and they 



Log. t = Log. T—l .4S43 x 



FL \ 
S I 



R !\ 

Id the table on page 120, the casea of failure are particularly 
'ructive; column 11 shows that in all the cases failure might have 
been expected. Thus, No, 1 required a lOJ-inch double leather belt, 
where a 6-inch gutta-percha one failed to do the work. In No. 2 a 
larger pulley was substituted, a 7-inch double leather belt should 
have been used, and the 6-tnch gutta-percba one did the work badly. 
No, 4 failed with a 9-iDch single belt to do the work for which a 14- 
inch single or a 7-iuch double belt was required. No. 6 required a 
10-inch single or a 5-inch double belt, and failed to do the work with 
a 6-inch single belt. No. 8 requiretl a 13-inch single or 6J-inch 
double belt, and tailed with an 8-inch single belt. It will be 
observed that in cases Nos. 1 and 11 the difficulty was overcome by 
using larger pulleys ; and in cases No. 4, 6, and 8, by converting the 
single belt into a double one. Circular saws aud some other kinds 
of machinery require extra strength of belt, as shown by No. 18. 

"The rules and tables we have given apply strictly to leather belts 
only ; leather is in every way the best material, and is not likely to 
be pernianeotly superseded by the new materials, gutta-percha. India- 
rubber, etc. 

" The table shows that the power of a gutta-percha belt tV "^ 1" 
inch thick is from 2.5 to 50 per cent, greater than that of a single 
leather one. We found in practice that leather belts bear about 310 
lbs. per square inch of section, and we may allow that gutta-percha 
will bear about 400 lbs. From direct experiments, the cohesive 
strength of gutta-percha is 15 cwt. or 1682 lbs. per square inch." 
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Fig, 16. 



^^^^ Driving Power of Beltt. 

Let A, in Fig. 15, be a pulley tiTed so a.s to be incapable of turn- 
ing, and T t weights suepcmleil by a l>elt K, whicK pa§aes rouud the 
pulley, and may be caused to embrace it more or 
less by a Bioall guide-pulley D. Let now the 
weight T be increased until the friction of tbe belt 
is overcome, and it slips on tbe pulley, the weight 
T descending. 

The ratio between T and ( varies — 

Int. With the co-efGcient of friction of the mate- 
rial of the belt E, sliding on the material of the 
pulley A. 2d, With the proportion which the arc 
of the pulley embraced, beara to the whole circuni- 
fereDce of the pulley. 

" It is independent of the breadth of the belt, so 
Unit} as T and I remain Uie name, but inasmuch as T and (, or the 
strain on the belt, may increase with the breadth, this muxt not he 
understood to mean that a narrow belt will drive aa much a^ a wide 
one; for other things remaining the aame, the strain, and therefore 
the driving power, varies directly and simply as the breadth. 

" The ratio between T and ( is also independent of the diameter of 
the pulley, other things remaining the same; thus, ibr instance, a 
strap which slips on a pulley 1 foot in diameter, with a weight of 1 
cwt. at one side, and 2 cwt. at the other, would do the same on a 
pulley 10 feet or any other diameter, the surfaces being similar. 

" This appears contrary to our instinctive notions, but is quite cor- 
rect, as I have proved by experiment. But this must not be under- 
stood to mean that a small pulley will carry as much power as a 
large one, for obviously, if both are set in motion, making the same 
number of Rpm, the relative speeds of belt would be proportional to 
the diameters, and the power would vary in the same ratio. 

" From Morin's experiments the co-efficients of friction are as fol- 
lows: 

.47 for leather belts in or<!inary working order on wootlen pulleys 
" " ■' " ■' caat-iron " 

" " soft and moist " " " 

) for cords or ropes of hemp on wooden pulleys. 

"It appears from Moriu's experiments that with cast-iron pulleys 
the driving power is the aame whether they are turned or not, the 
adhesion of the belt to the polished surface generating as much fric- 
tion as with a rough surface. 
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" If we take the case of a belt in ordinary working order on a cast- 
iron pulley, the co-eiEcient of which is .28, and calculating for four 
cases in which the circumference is successively }, i, f, and wholly 
embraced, we find that while t ^^ 1 iu all cases, T becomes succes- 
sively 1.553 — 2.41 — 3.77 and 5.81. 

" The following table is calculated in this way, and gives throughout 
the value of T when t ^^ 1 for differeut kinds of surface of pulley 
and states of belt. Decimal parts of circumference of pulley are 
given instead of fractions named above. 

" When a rope is used, and it is wound more than once round the 
drum, the frictional power is enormous ; thus with a rough wooden 
pulley and a rope 2.5 times round it with t ^ 1, T Is 2575.3. 

Table showing Ratio of Strain* on tlie Belts of Driving Pulleys, 
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Pulieya In Motion. 
" We have so fat considered the pulley as fixed ; we will now apply 
the foregoing facts to the case of pulleys in motion. The mechanical 
conditions of a driving pulley, with half its circumference embraced 
by the belt, are shown by Fig. 16, in which we have, as before, the 
pulley A and the weight T and ( as in Fig. 15, where we found them 
to be respectively 1 and 2.41. But in this case, the pulley A being 
free to turn, the weights T and t being unequal, there would be no 
equilibrium without au additional weight at Q, and, supposing the 
drum J to be the same diameter as the pulley A, it is self-evident 
that the sum of Q and ( must be equal to T ; therefore T — ( =^ Q ; 
or 2.41 — 1.0=1.41 = 0. 
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" Tha mechanical power tran.imitte<l by tlie belt, supposing Q t 
be raised by a rope coileti arouud tbe drum as a hoist or windlass, i 
the difference between T aiid t, and Q 
might be increased indefinitely, if we 
could increase T and I indefinitely in the 
noiinal proportion ; there is, howeyer, a 
limit to which this can be done, namely, 
the cohesive strength of the strap by 
which the heaviest weight, T, is carried. 
Where leather is used we can obtain the 
requisite cohesive etreugth by increasing 
the width of the belt, or by making it u 
double or treble one, and this width must 
in all cases be proportional to T, and not 
to i or to Q. 

"In Fig. 16 G may represent the en- Fig. 16. 

gine shaft, H its crank, and P the power 

which is equal to Q. It will be observed that the weight C, or 
pressure on the bearings due to the tension on the two straps, and 
also the maximum tension T, is much greater than the power P or 
the weight Q. 

"If the weight Q had been 1.0, the maximum tension T would 

idently have been -'-^ ^ 1.71, and the 




1.41 
minimum tension t have been 



10 _ 
1.41" 



71, and 



thus we obtain the strain as shown in Fig. 1 7 ; 
this is the most useful form in which the 
question can be put, as we thus obtain the 
proportional raaximum strain or width of 
belt for a unit of power at P. 

" With a wooden pulley the friction of the 
surfaces is greater, and the strains for the 
weight Q are different. Here for i ^ 1 we find 
by the table above that T ia 4.38, and hence 




Fig. 17. 



Q=^ 4.38 — 1 = 3.38. For Q or P = l we should have T = 



= 1.29, and t^: ^:^'29: so that with the same power, P, a belt 

3.38 i~ . . 

1.29 iuch wide, on a wooden pulley, would do as well as one 1.71 inch 
a a cast-iron one. 
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" In the case of a pulley of cast-iron with -^ of the one em- 
braced, the table shows that T = 1.42, and ( being 1.0, Q will be 

1.42 



1.42 — 1 = .42. For Q ^ 1 we have T =i 



- r= 3.38, and ( = 



"With a crossed belt on cast-iron pulleys, the arc embraced being 
^'o of the circumference, we have T=;3,43, by table T=l, and 

Q = 2.43 ; and hence with Q = 1, ' 

e = J-=.4i. 

2.43 

" Comparing all the cases presented it will be seen that, with the 
same engine power, the breadth of belt would be in the ratio 1.71, 
1.29, 3.38, and 1.41." 

The following Article from Vol. 3, for 1859, "Publication Indus- 
trielle," par Armengaud Aine', relates to Belts employed for the 
Transmission of Power: 

9d. "Several years prior to this date, M. Laborde, M. E., pre- 
sented to the Industrial Society of Mulhouse a paper on the subject 
of belts, in whicb he made the following observations : 

" Ist. The reaJstanoe to be overcome must be less than the power 
required to slip the belt on its pulley. 

" 2d. The tension must not permanently elongate the belt. 

"3d. The tension must not uselessly increase the friction of the 
shaft bearings. 

"4th. The belt must be flexible, in order to allow of an easy fold- 
ing in all its parts. 

" The first three conditions named are self-evident, while of the 
fourth it may l>e said that a belt never requires doubling, but should, 
always be composed of a single thickness of leather. 

"The webs of a single leather are extended and compressed in 
passing over the pulleys without in any way injuring their texture, 
while the two leathers composing a double belt are subject to such a 
friction upon each other that their destruction follows rapidly, not- 
withstanding the numerous points of connection uniting both ; it is 
therefore best to abandon double belts altogether. 

" In order to maintain the durability and flexibility of belts it is 
advised to apply to them, as they need, fine grease, or ordinary grease 
mixed with tallow, which may be done while they are running. They 
are apt to slip for a few minutes afW greasing, but soon adhere again, 
and finally drive the better for the application 
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mded experimental obseryatioDs have proved the auperioritj 
of giDooth-&ced pulleys over such as are rough, or ribbed in the oue 
or the otfaer directioa: iu thut Uioreueed area uf gurlWe coutaci with 
the Ijelt ia preseuted by the I'ormer, 

" UpiMi the above cooaideratiotis as a basis, M. Laborde develops 
his forniulic 

" let. The width of belts must lie in direct proportion to the power 
p be transmitted, while the speed remains uniform. 

, The width of belta vary inversely to the speed. 

"Consequently the products of the widths aud speeds of bells are 

roportional to the power transmitted by them. 
I "" Experience demonstrated to M. Laborde that a belt 3 j inches 
*ide, running 533 Fpm, readily transmitted one horae-power of 
33,000 foot-pounds, having the usual tension, and without deforming 
itself, when the pulleys are smooth-faced and of equal diameter, in 
order that the belt may embrace their semi -circumference. 

"This is equivalent to 144.35 square feet of belt per minute per 
horse-power, and 19 IIm. strain per inch of width. 

" The author has used this rule a number of years, and expresses 
himself well satisfied with the result. 

" M. Carillon, of Paris, a mechanical engineer of no less reputa- 
tion employs a, rule based upon the following statement : A belt can 
transmit one horse<power, if it have a surface velocity of 96.9 square 
feet per minute, providing not leas than one-third of the circum- 
ference of either pulley be embraced. 

" Notwithstanding our great confidence in M. Carillon's deductions 
— believing that iu m.ost cases his allowance of driving surface of 
belts will be sufficient, since in many cases belts are run at a higher 
velocity — we yet think it preferable to adhere to the base established 
by M. Laborde. 

" The reduction of driving surface may be made with more security 
by employing well-worked leather, as that of Messrs. Sterlingue & 
Co., who condense it under the hammer, or that of Mr. Bgrendorf, iu 
whose machine It becomes strongly compressed. 

'■ Tables 1 and 2 {not given here) are developed from the following 
example: If a belt travel 100 metres per minute, it should be 132 
millimetres wide iu order to transmit one horse-power, which is equiv- 
alent to a 5.2 inch belt travelling 328 Fpm ; or, in other terms, it is 
equal to 142.13 square feet of belt per minute per horse-power. 

" It is easy to understand why the sizes of belts, as indicated by the 

seeding figures, must be modified in several particulars. Firstly, 
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when the pulleys are of very different sizes, or, if expressed in more 
general terms, when the pulleys are embraced by the belt less tlian the 
semi-circuraference ; aod, secondly, when the belt is crossed, or when 
more than half the pulley surface is encircled. 

"M. Paul Heilmann presented very judicious observations on this 
subject to the Society of Mulhouse, which results are reproduced 
in the Society's Bulletin, Ho. 40, 1835, and may be expressed thus : 

" The friction of a belt upon a pulley depends : 

" IsL Upon the pressure or tightening. 

" 2d. Upon tiie number of degrees of contact 

" 3d. It is independent of the diameter of the pulley. 

"4th. It is independent of the width of the belt. 

" It is evident that the less the pulley ia surrounded by the belt, 
the tighter must be the belt in order to transmit a given power, 
because the power which can be transmitted to the pulley Is always 
less than, or at best equal to, the friction produced on its surface ; 
and if the resistance offered by the machine be greater, tlie belt will 
slip. Thus the width of the belt has no other purpose than to give 
it a resistance — a power sufiicieut to withstand a certain tension 
without beiug injured or broken. 

" M. Heilmanu says that this tension, and with It the width of the 
belt, must necessarily be an inverse proportion to the numbers as 
represented in the following table, which table has been calculated 
after the formulae and by the aid of the hyperbolic logarithms. 



" Friction ^= P 



-r-^') 



" In which, P^ resistance to be 

e = base of hyperbolic logarithms, ^= 2.718. 
/^ proportion between friction and pressure. 
fl ^radius of pulley. 
5^ lineal contact of belt with pulley. 

" This formula is the one taught in the Mechanical Engineering 
Department of the Polytechnic College. 

" In the table, tlie first column represents the angle of contact of 
belt, in degrees and minutes. 

"The second column represents the fractional part of the circum- 
ference corresponding to the angle. 

" The third column shows the ratio between friction and pressure 
following the angle of contact. 
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"The fourth column contains the result of the division of the ratio 1 


0.4670, which corresponds to the half-circumference, by the successive | 


ratios of the friction and the pre«Hure. 






1 


2 


3 


4 




22.30 


yff ^ 0.0625 


0.0491 


9.511 




30. 


j'3 = 0.0833 


0.0660 


7.075 






45. 


i =0.1250 


0.1005 


4.646 






60. 


I =0.1667 


0.1363 


3.426 






67.30 


X = 0.1875 


0.1545 


3.023 






90. 


i =0.2500 
X = 0.3125 


0.2112 


2.211 






112.30 


0.2706 


1.725 






120. 


= 0.3333 


0.2911 


1.604 






135. 


= 0.3750 


0.3330 


1.402 






150. 


A -^0.4166 


0.3763 


1.241 






157.30 


Jg^ 0.4375 


0.3983 


1.172 






180. 


A =0.5000 


0.4670 


1.000 






202.30 


W = 0.5625 


0.5390 


0.866 






210. 


y. = 0.5833 


0.5674 


0.823 






225. 


g"^ 0-6250 


0.6145 


0.760 






240. 


i =0.6667 


0.6669 


0.700 






247.30 


H- 0.6875 


0.6937 


0.673 






270. 


1 =0.7500 


0.7769 


0.601 






292.30 


4-1 = 0,8125 


0,8642 


0.510 






300. 


1 =0.8333 


0.8941 


0.522 






315. 


3 =0.8750 


0.9551 


0.489 






330. 


4i = 0.9163 


1.0190 


0.458 






337.30 


11 = 0.9375 


1.0515 


0.444 






360. 


1 = 1.0000 


1.1522 


0.405 






" From the preceding observations it will be easy to determine th 


g 


width of a belt in all cases that may occur in practice whenever the 


maximal force iu horse-power is given, which is to be transmitted 


and the speed of belt known. 


" If the pulleys are of equal diameters, all that i* needed is to find 


the width of the belt, in accordance with the examples from which 


tables 1 and 2 are constructed, corresponding to speed and power 


required. 


" If the pulleys are of different diameters, then use the following 


^^m 


^^^P* Detennine the number of degrees of contact with the smaller 


^^^Uey; find, in the third table, the niirober in fourth column cor- 




^^^^^^^g^^^^f 
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mber thus foUDd into the width 



respondiug thereto ; multiply the 
of bell given in tables 1 or 2. 

" lu all the precediog we constantly admitted the belt of siD' 
thickness, and, consequently, the same power of resistance. 

"Although this is generally the case, yet for transmitting small 
powers at great speed it is better to reduce the thJckaess and augment 
the width of the belts, because they will then develop better on their 
pulleys, which are usually of small diameters. 

" In such cases belts of inferior quality may also be employed, by 
determiniug their width from a less co-efficient of resistance. On 
the contrary, for the transmission of great powers at slow speeds, 
it is advisable to use the thickest possible leathers, in order to avoid 
great width. 

" We have, as yet, taken no account of the belt's own weight, 
which, iu certain cases, is to be added, wholly or in part, to the 
resistance to be overcome, whilst iu others it will have to he deducted 
from said resistance ; but m this has a slight influence on the prac- 
tical results, it may be leit out of consideration. 

" Belts should be calculated to meet the maximal resistance, not 
the average. 

Belts of Gut 

" In speaking of belts, it will not be superfluous to announce that 
an English inventor, Mr. John Edwards, conceived the idea of making 
belts of gut, prepared in endless flat bands of different lengths and 
widths, for use on pulleys, and united evenly. 

" The filaments of gut are woven into ribbons on looms similar 
to those used in manufacturing metallic gauze, and the joints made 
by splicing, care being taken to cut or burn the extremities of the 
interlaced filaments, in order to obtain perfectly united bands. It 
is known tliat experimeuts were made to manufacture belts from 
fibrous substances, fluch as hemp and wool, but it is thought, up to 
this date, that they will not endure the same wear and tear as leather. 
The gut was, and is yet, employed with advantage in the shape of 
cords running iu grooved pulleys. 

Belts of Wool. 

" Another patent has been issueil in England to Mr. J. Heywood 
for a system of belts or bands of wool, which the inventor prepares 
by soaking in a mixture of linseed oil and rosin. He boils, for 
instance, 6| lbs. of oil, adds 4^ lbs. of powdered rosin, and agitates 
the mixture to a perfect union. After having the bands soaked, he 



I 
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mbroits them to the actiou of a pair of rolls, aiid aftGrwt.rd3 exposes 
tlicia to dry, when they are ready for use. 

Belts of Gutta-Peroha. 
" M. M. Rattier & Co. introduce, in a great measure, guttA-percha 
belts, which give good satisfsctiow. They also make these belts with 
wire-gauKe cores, which prevent stretching. Notwithstanding this 
precaution, we believe it beat Ut employ such belu tor light transmis- 
sion ouly, with slow speed, and to subjec-t them to slight tensions, in 
order to avoid injury by heating." 

From " Publication Industrielle," par Armengaud Aini, Vol, 9, I860. 

it,j. The application of pulleys, cones, and drama for the trans- 
mission of power has become so general that, with cog-wheels, they 
constitute a large part of the stock of patterns carefully kept for use. 

There does not exist, in fact, an organic means of transmission 
more simple and inexpensive than that by the agency of belts. 

In most eases the belt and pulley form a mechanical agent at once 
the most convenient, the most easily erected, and requiring the least 
combination of parts; it suffices ouly that they be in exact propor- 
tions : l.st, to obtain the necessary speed, and 2d, to communicate the 
required power. 

This mode of transmission has the advantage of smooth and quiet 
action, of light weight in eoropariHon to the power transmitted, and 
of less liability to destructive wear and tear, and consequent accident, 
as with the use of gearing. 

In accordance with these facts, gearing has been replaced, of late, 
by belta and pulleys, even where considerable powers are transmitted. 

To gain all the advantages which such a system is expected to fur- 
nish, it is absolutely necessary to fulfil several essential conditions, 
without which the best results cannot be obtained ; for instance, if 
the pulleys be not of proper diameter, the speed would not be in the 
m^o desired ; again, if the pulley faces be too narrow for the power 
traDsmitted, the belt will slip ; or if, on the contrary, all the dimen- 
sions be augmented beyond the requirements of each case, material 
would be uselessly wasted, and power continually lost, in giving 
motion to needless weight of parts. 

The principal questions concerning the belt and pulley arrange- 
ment are the following : 

1st. Determine the diameters of the pnlleys according to the num- 
ber of revolutions their respective shafts are to make. 
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2d. Calculate the dimensions of the belt according to the power it 
is to transmit, and decide the diameter of oue of the pulleys. 

3d. Ascertain, also, the proportions of the different principal parts 
of each pulley in conformity to the width of the belt. 

The speeds of pulleys connected by belts is in the inverse ratio of 
their diameters. 

The width of belts is calculated from the tensile resistance of the 
leather. We merely examine here tiie leather belts most generally 
used in machine shops and factories. 

In closely observing the action of belts on pulleys, it is found that 
the power which they transmit depends on tJie amount of friction 
developed on the surface of the pulley, and upon a certain degree of 
tension applied to the belt when put on, 

M. Morin has furnished us with the following; 

1st. If the belts are sufficiently tightened they do ntit slip, hut 
transmit the speed in a constant ratio, and inversely to the diameter 
of the pulleys. 

2d. In the transmission of power by endless rope or belt, on pul- 
leys, from one shaft to another, the sum of the tensions in both folds 
remain constant, in a manner, that if the driving fold is overburden- 
ing itself, the driven fold is relieving itself to the same amount, and 
that the sum of both tensions is the same when the machine is stopped, 

3d. The ratio between friction and traction, exercised by the primi- 
tive tightening, la very nearly proportional to the degrees of contact 
with the pulleys when within the ordinary limits, varyiug, in pi 
tice, hut little from j to | the circumference. 

Belts should not be subjected to working strains over 284 iba. per 
square inch. 

Action of Betta. 

1st. The friction developed at the circumference of pulleys is pro- 
portional to the primitive tightening of the belt, and depends also on 
the angle in which the belt envelopes the pulley; and, further, on 
the nature and condition of the surfaces in contact. 

2d. The friction is independent of the diameter of the pulley and 
of the width of the belt. ■ 

Most of the belts in actual use for transmitting small powers have 
larger dimensions than the calculations would give, for the reason 
that belts are frequently overloaded, and the quality of the leather 
not always of the best. They sometimea are made to carry 280 lbs. 
to the square inch, instead of 140 to 210, to which latter strains they 
are generally admitted in practice. 
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Tor the transmission of great power, there is much interest felt in 
employing the very b«st leather, in order to reduce the width of belt 
I ftfid pulley ad much as possible. 

^^^■From "Designing Belt Gearing," by E. J. Cowling Welch, 
^^^P we transcribe the following : 

^^^^96. "The ultimate strength of ordinary leather belting is about 
j 3086 lbs, per square inch ; thus with belts j'j thick we have a break- 
L ing strain 

^^_ Through the solid part 675 lbs. 

^^K riveting 382 " 

^^H " lacing 210 " 

^^^■*' Taking a safe working strain of say one-third of each of these, 
r we have 

I Through the solid part 225 lbs. 

'• " " riveting 127 " 

" " lacing 70 " 

" The working strength of the l>elt must be taken as that of its 
weakest part, which is the lacing." 

"In order to ascertain the greatest adval or indicated horse-power 
(_I.HP) capable of being transmitted by any particular belt, whose 
■velocity ( V ) in Fpm and breadth (B) in inches are known, we ascer- 
a the force (R) transmitted to the surface of the pulley ; then 



I.HP = 



MVB 

~ 3.3,000 



** From the foregoing it will be seen that each unit of breadth of 
EEe belt carries its own tension, and when this ia at its maximum 
safe amount, and still we are not able to transmit the required power 
by it, and we cannot increase the angle of contact, or use a belt of 
sufficient width to effect the same, either from the shat^ being unable 
to withstand the total tension of the broader t>elt, or from any other 
cause; we can only overcome the difficulty by increasing the velocity 
of the belt itself — that is, by increasing the diameters of the pulleys 
over which it runs; not that we get any greater adhesion by so doing, 
for increasing the two pulleys in the same proportion, the angle of 
contact ill both cases remains the same, so also does the tension ; and 
as the adhesion is independent of the surfaces of contact, therefore 
the adhesion remains the same, whether the larger or smaller pulleys 
arw used ; but with the larger pulleys we get greater leverage to 
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overcome the resistance, and a correspondingly greater velocity of 
belt."— E. & F. N. Spon, London, 1875. 



By Z. Allen, Providence, R. I., from 
Cotton Manufacturers' Association," 



Proceedings of N, I 
D. 10, April 19, 1871. 



The Relation of Small Shafting to Hollow Shafting. 

97. " On small shafting, pulleys are used very much less in 
diameter, consequently the friction of the shafting is aa its velocity. 
If the circumference of the pulley is used for the bearing, the friction 
is very much increased. The torsion of the hollow shafting is as the 
cube of its diameter; if you use a 3-inch shaft, the torsion of that is 
aa its cube. If you take from the centre of the shaft, you have left 
the outside shell only, so that the amount of power gained theoreti- 
cally is as the amount of iron taken from the inside of the shaft, run- 
ning upon the bearing of the outer. 

" One difficulty in small shafting is in properly fastening the pul- 
leys. The construction of this shafting ia such that it requires a 
larger diameter to hold the pulleys than to transmit the power, cou- 
sequeutly I have taken 1 j^inch diameter as the smallest shafting 
that it is practicable to run in mills. An inch shaft, well sustained, 
will drive 100 looms ; but you have Xa fasten to it the couplings, the 
pulleys, and set-screws ; and if the holes are not properly drilled, the 
set-screws will cramp the shaft. After putting up a line 150 feet 
long, it ia necessary to straighten it. You cannot straighten the line. 
of shafting in the shop, because the pulleys are not made in the shop. 
In order to straighten the shafting we take a lever, put it under the 
rail, and spring it into place. 

"We are using a line of Z^g-inch shafting, driving 16,000 ring 
spindles. The quantity of oil required to lubricate this shafting ii 
so small, that, if I tell you, it will seem almost impossible. I asked 
the overseer how much oil he used in oiling this shafting, and he told 
me only two or tliree drops to a bearing once a week, and said that 
he would run the whole line a year with a half-pint of oil. 

"I found one shaft had been running eighteen months with no 
dripping pans underneath, the overseer giving as a reason that the 
quantity of oil consumed was so small that none were required. We 
all know that it requires oil to run a shaft, and we can form an idea 
of the amount of friction by the quantity of oil consumed. 

" The lino of Zj^'nch shafting, which drives 16,000 spindles, runs 
through a mill 360 feet long, and is fitted up with bearings 8 feet 
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irt, and carries a reasoaable share of the pulleys which drive the 
mauhinery. 

" I have adopted this method of haviag the main driving pulleys 
about once in 150 ieet, and counter lines about 150 feet long, and 
belted in the middle. The middle shaft in mode S/g-incb diam- 
eter. 

"If the pulleys are very gmal!, it requires, to run at a slow speed, 
more power than it does through gears, on account of the strain 
which you are obliged to put upon the belt. lu England it is the 
custom to use gears mostly to trausmit the power, which requires a 
stiff shaft to hold them in place ; consequently, a gear never yields ; 
it must go. With a belt it is very different. In making the formula 
for a shaiUng, I adopted as a standard one-fifth of the breaking weight. 
There ia no pulley put on strong enough to run more than this; but 
with gears it must go. 

Gearing. 

" There are many ways of transmitting power from the motor to 
the machine, or place where it is to Vie utilized. I will invite your 
attention to the three that are commonly in use among our manufac- 
turers, viz., Gearing, Shafting, and Belting. Gearing and shafting 
transmit a uniform motion, that ia, a certain number of revolutions, 
but not always a uniform revolution, owing to the elasticity of the 
shaft or imperfect constructiou of the gearing. Power transmitted 
through pulleys by belts or straps is variable, and cannot be relied 
upon when uniform motion is required, owing to the elasticity and 
thickness of the belts, and their liability to slip. Power transmitted 
through gears and pulleys may have an increased or diminished 
velocity by having gears and pulleys of different diameters. But 
with shafting the velocity is positive, as by construction both ends of 
the shaft must run with the same number of revolutions. Each of 
these methods has its advantages, but neither motion in all cases can 
be made to supply the place of the others. When a positive ratio is 
required, between the driver and driven, it must be through gears ; 
and as gears are universally used to transmit power from the water- 
wheel or water-wheel shaft to the second mover, let us for a few minutes 
consider gears and their formation. Possibly no part of mechanical 
science in common use is so poorly understood or wretchedly abused as 
the formation of gearing. Each draftsman or mechanic has his favorite 
tooth or form of tooth. It is his pet child, and there is no other like 
it. To ask him to demonstrate or esplain why it is better, would be 
considered almost an insult; but however perfect it may be in theory 
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and coDBtructiou, if the gears are not properly adjusted to each other, 
and made to run as designed, the whole theory and mechaiiiBm 
becomes useless, as the teeth are formed for a definite pitch aad can- 
not be used for apy other, either theoretically or practically, when a 
8Qiootb motion is required. 

" In forming teeth for geara we first draw what is called the pitch 
line, or circumference of nniibrm motion, which is the working diam- 
eter of the gears. The teeth are formed from this line, and it is 
indispensable to the smooth running of the gears that these lines 
should run together, otherwise there would be a grumbling noise or 
jar, like the rolling of a fluted roll over a plain hard surface. I 
think I can demonstrate to any geometrician, tliat a tooth similar to 
the epicyctoidal and hypocycloidal tooth is the only one that can be 
made to run smoothly. 

"This looth is tbrmed by having two circumferences run together, 
corresponding to the pitch line or diameter of the required gears. 
However, as this is not the proper place to discuss theories, I will not 
occupy your time by doing so. Within the last mouth I have started 
a new Turbine water-wheel of about 350 horse-power. The crowu 
gear 7 feet diameter, and jack gear 4 teet diameter. The teeth in 
these gears are parallel below the pitch line, and when started they 
did not run smoothly, I had them ground together with tallow and 
emery, and they at once commenced forming a tooth similar to the 
epicycioidal tooth. 

" In discussing the properties of gears, I have come to the following 
conclusions : First, That the loss by transmitting power through gears 
is 1^ percent, in the driver, 1 J percent, in the driven, and IJ percent. 
in the teeth, in all 4A per cent.; i. e., when the diameter at the pitch 
line is eight (8) times that of the bearing. If the diameter is only 
four to one, then the loss ia double, or 9 per cent. ; i. e., the friction 
or loss of power is inversely, as the ratio of the diameter of gears to 
tlieir bearings. In this statement I have not considered the weight 
of the gears or shafl. In horizontal shafting the ive/,g}d has no effect, 
as the weight of the gear seldom is equal to the pressure upon the 
teeth. 

■' Secondly. If intermediate gears are used in transmitting power, 
and the three axes are in the same plane, the friction is double, or 9 
per cent, in lieu of 4J per cent. If the driver and driven have differ- 
ent diameters, the opposite sides of the teeth in the intermediate must 
be of a different shape, i. e., made to conform to the different diam- 
eters of the driver and driven. 
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d to find the velocity of the periphery in feet, multiply the square 
f the diameter by 750 feet, or 760 y/~d= v, and 



d'^di 



6^d+ 1) 



X 3200 = MP, 



"Thirdly, for the same reason, the driver cannot admit of two 

driven gears of diS'erent diametera at the same time and run 
smoothly. 

"As the destroying force or concussion is as the square of the 
velocity, and velocity of contact is to the pitch of t«etb, as verse sine 
to sine. I have therefore adopted, to transmit the greatest amount 
of power with regard to durability, the following formula for first 
drivers, and muile tables to correspond. Let c/ ^ diameter in feet, 
p ^^ pitch in feet, and HI* ^ liorse-jwwer : then 

I 

^^^^t., if the pitch and velocity are obtained by the above rule, and 
the breadth is 2J times the pitch, which I think will be found correct 
for spurs, and 2J for bevel gears. 

" Usually, I tliink the pitch of gears is too lai^ for the diameter 
to insure good results. An increased pitch on the same diameter will 
not transmit more power, as the velocity will have to be diminished 
to make it run smoothly. These formulas are intended for the smaller 
gear, the larger is not to be considered. 

" There are advocates for the roiling of gears together, t. e., the 
teeth can be so formed that one tooth can be made to roll into the 
other; but I think this can be shown to be theoretically and practi- 
cally impossible. 

" If spur gears are firmly sustained and well adjusted, and the 
teeth actually cut in the epicycloidal form, 33 per cent, can be added 
to the velocity indicated in the following table. This will increase 
-the horse-power in the same ratio. 
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Let i) := diameter in feet. T^^No. teeth, P^pitch in inches, 
fr^ velocity of periphery in feet; and SP ^: horse-power. 



"ftS' 


T«th, 


„-„,...> 


Veforitr of 


i;tss. 


„•„..„. 


1 


22 


1.72+ 


750 


238.8 


44 


n 


26 


2.15+ 


915 


194.7 


86 


2 


SO 


2.53+ 


1057 


168.3 


137 


2i 


33 


2.86+ 


1187 


161.1 


197 


3 


36 


3.16+ 


1299 


137.8 


263 


H 


38 


3.43+ 


1403 


127.6 


337 


i 


41 


3.69+ 


1500 


119.3 


414 


n 


43 


3.93+ 


1591 


112.5 


499 


6 


45 


416+ 


1677 


106.7 


590 


5J 


47 


4.38+ 


1759 


101.7 


682 


6 


49 


4..59+ 


1837 


97.4 


783 


61 


51 


4.74+ 


1912 


92.6 


993 


7 


53 


4.98+ 


1984 


90.2 


1004 


'J 


55 


5.16+ 


2053 


87.1 


1116 


8 


56 


5.34+ 


2121 


84.4 


1233 


H 


58 


5.52+ 


2186 


81.8 


13.57 


9 


59 


5.68+ 


2250 


79.6 


1483 


9* 


61 


5.85+ 


2311 


77.4 


1607 


10 


62 


6.01 + 


2371 


754 


17.38 


101 


64 


6.16+ 


2430 


73.6 


1876 


11 


66 


6.31 + 


2488 


71.9 


2020 


llj 


67 


6.46+ 


2543 


70.3 


2167 


12 


68 


6.61 + 


2598 


68.9 


2311 


12J 


70 


6.7S+ 


2651 


67.5 


2462 


13 


71 


6.89+ 


2704 


66.2 


2610 


13J 


72 


7.02+ 


2755 


64.9 


2773 


14 


74 


7.16+ 


2806 


63.8 


2932 


Mj 


75 


7.30+ 


2856 


62.7 


3099 


15 


76 


7.44+ 


2904 


61.6 


3262 


165 


77 


7..55+ 


2963 


60.6 


3429 


! 16 


79 


7.68+ 


3000 


69.6 


3604 



Shafting. 

"We will next consider shafting and the transmission of power 
through the same, the theory of which, I presume, is well underBtood 
by you all ; it is, therefore, only in the adaptation that I may differ 
with some or all of you. 

" Wrought-iron shafting of one inch diameter will transmit from 
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14 to 15 horee-power at 1(J0 Upm before there is any wet twist. Vou 
will observe by this that a shaft in selilom twisted off, but is usually 
broken by jar qf gears, or being out of Hue, or by transverse pressure. 
A shaft 2 inchea diameter, 100 revolutions, will transmit 100 horse- 
power before there ia any set twist. A shaft 4 inches diameter. 
100 revolutions, will transmit 800 horse-power before twisting, but 
will frequently be broken with very inucb less power if out of 
line; while 1 inch to 2 inch shafting, being flexible, will hardly 
be influenced by small variations. You will perceive from this 
that torsion ts hardly to be considered iu shafting a mill, as it 
will require larger shafting to prevent springing by transverse pres- 
sure than it does for torsion. With prime movers, or wheel shaft*, 
we can aS<)rd to pay an extra insurance in loss of power and 
weight of iron, as there is usually but one or two in the mill, and 
should any accident occur to these it would cause the stopping of the 
mill, and the loss might cost the price of a dozen shafts. I have, 
therefore, taken one-fifteenth (^) of the twisting weight, or the cube 

of the diameter, et«., ^ HP. 

rl' ■" R 
. For second movers we have the formula ~ — ^SP. 

■ 100 

r For third movers, or mill shafting, — ^= BP. 

I ^100 

l"Iii advocating small shafting I do not pretend that, theoretically, 
e is any saving of friction in transmitting the same amount of 
power. It requires the same amount of friction for a 1-inch shaft as 
)t does tor a 6-inch shaft, if both are equally strained, as a 6-inch 
>lia)'t, of course, would run very much slower to transmit the same 
amount of power, but that in most cases the diameter is larger than 
>* required, as the transverse pressure requires a larger diameter than 
""e torsional, aa before stateil. 

"This led rae to consider if there might not be some way devised 
^ meet this difficulty. In most of our mills the bays are about 8 feet, 
^ require shafting of about 2 inches diameter to sustain the lateral 
pressure of a card or loom belt; yet this same shaft has torsional 
^fgth, at 150 revolutions, to run 900 looma before twisting, although 
" ttay not be running more tliau 8 to 10 looms or cards when near 
we end of the line, while a shaft | inch diameter is all that is re- 
"Jilred to perform that amount of work, if well sustained. To meet 
™ difficulty I have made a cast-iron rail, so constructed that the 
"Migers slide along the whole length of the line without regard to 
"16 beams. By this arrangement there can l>e as many hangers as 
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are required — one to each pulley, if necessary. The number of 
bearings do not increase the friction if properly arranged, as it is by 
this rail. 1 use thia rail for all shafting less than 1| inches diameter, 
where the baya are 8 feet. I have running 2 lines, 160 feet each, 
each line driving 60 breaker cards and lap bead. Its diameter is 
l^g inches to 1^ inches, and runs 280 Rpm ; driving pulleys on shaft- 
ing for cards, 7 inches diameter. I have also about 1500 feet more 
driving cards and looms; about half of it has run 16 months without 
any repairs. I would here state shafting might be much smaller but 
for the difficulty of having it made thoroughly in our workshops. 
The pulleys must be well balanced and nicely bored, or the set-screws 
or keys will spring the shaft. 

" I use thia rail in connection with shafting for cards and looms. It 
is not BO necessary foi; spinning and other machinery, as the machines 
or pulleys on them are a greater distance from each other. I have, 
in one of the Lawrence Manufacturing Co.'s mills, a shaft 2^g inches 
diameter, running 416 Epm, in common Babbitt boxes, driving 14,000 
ring spindles, l|-inch ring. This shaft has run 18 months without 
any repairs or extra labor whatever. It has no self-oilers, hut is 
oiled once a week with a common oil-oan, using a mixed oil of 2 
porta sperm and 1 part Downer's paraffine. 

"We have another line of shafting 300 feet long, 2^ inches diam- 
eter, running 433 Epm, driving 15,000 throstle and mule spindles, 
with full complement of machinery. This shaft has run about 10 
months; about ^ of it was not under cover, being exposed to the 
cold weather of last winter, Thia line has given no trouble. I have 
yet to Bee a shaft less than 2| inches diameter twisted off, and hope 
if any one present has ihey will state the fact and circumstances to 
the meeting. I have often seen larger ones broken by being out of 
line, and I think this is one of the strongest arguments in tavor of 
small shafting. I think J of the friction and J of the weight of the 
shaft can be saved over the old system of small and quick shafting 
well arranged. One can hardly afford to waste a large amount of 
power to drive the heavy shafting of a large mill to prevent an outlay 
once a year or so of some small accident that may jioasibly occur. 
And, furthermore, I claim it is better that a small shaft should 
break than hold so firmly, as in case of a large shaft it would do, as 
to cause injury either to life or machinery, as the case may be. Self- 
protection is the first law of nature, we are told, hence civil engineers 
always construct mills with a view that nothing shall give out in the 
future — no matter what its present cost in material and power — as 
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^^^ey know full well their re|mtali»ii is at stake ; and should any of 


their work need renewing in a year or ao, they would be condemned. 


Furthermore, they construct with the koowledge that interior capaci- 


^^^iee may run the machinery, and we all know by experience what aud 


^^Bw great those difficulties are. 
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" So cheap and abundant was water-power tlien that steam-power 
was not at first resorted to, 

" It was deemed necessary to locate a mill directly over the water- 
wheels, so that a main upright shaft might be arranged upward 
through the several stories, to transmit the power more directly to a 
main horizontal shalt in each room, to distribute power to each 
machine. 

"The shaftings were all made square, to receive the cast-iron 
wheels fastened by wedges. The pulleys were made of wood, by 
clamping together pieces of joists, notched to fit the shafts, by means 
of acrew-bolts. luHtead of tlie numerous light pulleys now used, 
long wooden drums were built around the shafts, and made of boards 
nailed upon circular plank heads. With the slow speed of 40 or 50 
turns per minute, some of these drums were necessarily made 3 or 
4 feet diameter and several feet long, darkening the rooms by their 
ponderous magnitudes, and requiring very high ceilings to admit 
them. 

" These great drums being frailly nailed together and unbalanced, 
could not be used with quick-revolving movements without shaking 
them to pieces, and also shaking the floors intolerably. 

" This was the style of mill shafting and pulleys in use when I first 
commenced building a mill at Allendale, in the year 1822. 

" Cast-iron pulleys, clamped upon the shafting, were soon after 
introduced, with their faces smoothed by grinding on stones. Round 
iron shaflfi were deemed a great improvement, with drilled wheels 
and pulleys fitted to them. With these advantages, the speed of the 
horizontal shafts was augmented to produce 80 or 90 Rpm. Early 
experiences of the troublesome difficulties in operating a manufactory, 
resulting from the imperfect modes of mill gearing then in use, 
excited an impatience of longer enduring. 



I 



The Dlaadvanlages of Transnntasion of Power from Motors to Machines 
with Slow Speed. 

" In all calculations of the strength of shaftings, wheels, and 
pulleys there is a certain relationship between the velocity of their 
movements and transmission of power. A belt, shaft, or a pulley 
that makes one revolution to do the same work which is done by 
another making 2 revolutions, has double the stress imposed upon it, 
and must have double the strength. By doubling the speed there is 
an opportunity of economizing the weight and costs of the materials 
employed for mill gearing in a somewhat corresponding ratio. Theae 
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■r. 
g incentives to incite ua to attempt improvements of trans- 
mission of power in all manufactories. 

" In the functions of tlie mechanisms of all animals tlie most 
admirable ecieatific skill is displayed in adapting the proportion of 
bone and muscle to the speed of movement desigued to be accom- 
plished. These are models for study presenteil to the engineer for 
copying, in artificial mechanisms for transmitting power. The slender 
limbs of tiie deer, of the greyhound, and race-horse — all designed for 
fleet movements — show an impressive contrast with those of the ele- 
phant or the heavy draught-horse. 

" Instead of increasing strength of wheels and pulleys by additions 
of more metal, when they are to be used with a higher speed, they 
become less fit for turning with swift velocities. They may even fly 
into pieces by the tendency of this excess of matter to move in a 
straight line, recognized as ' centrifugal force.' 

" To duly apportion the formation of the parts of all machines for 
the transmission of power, is the scieotific task assigned to engineers. 
In addition, there is requisite a knowledge of the various properties 
of strength, elasticity, and hardness \a endure wear, and other quali- 
ties. Even changes of temperature, with consequeut expansion and 
contraction of metallic parts, is not to be overlooked. The imper- 
fections of settling foundations, by disarranging the best fitted lines 
of strong shafting, may cause them to lail of durably transmitting 
power from motors to machines. The very rigidity of the parts, 
resulting from the great size of shaftings requisite for transmitting 
power with slow velocities, is a principal cause of their failure, where 
light and flexible shafting, with high velocities, might durably per- 
form the service. I will here give yon a remarkable illustration of 
the actual results of transmitting power by mill gearing, with slow 
speed, by the strongest shafting, made without regard to cost for 
I securing durability of service. 

^^^^B "In persistently carrying out the old system of heavy shafting 

^^^^E& slow velocities, in a large cottou-mill built in Connecticut, iu 

^^^^pe year 1857, the attempt was made to transmit the power from 

^^^^Hir large water-wheels through a line of cast-iron shafting of the 

great diameter of 12 inches, made in sectious of 10 feet in length, 

each piece weigbiug S.'iOO lbs., with coupliuga of the weight of 3800 

lbs. each. So great was their weight aud rigidity, that the settlings 

of the foundations, changes of temperature, and continual jar caused 

them to break so frequently as to render necessary the replacement 

1 by new wrought-iron shafts. Quite recently these, in turn. 






> 



RULES FOR BELTING. 

have been discarded as unsatisfactory, and are superseded by light, 
(juickly- revolving shaftings, driven by belts from pulleys 20 feet 
diameter and 24-iuch face, with a surface velocity of over 500Q 
Fpm. All that was practicable to perfect the old system of slow 
speed of mill gearing was here done to maiutaia a dying struggle for 
its prolonged existence. 

Experiment! for Testing the Advantages of Transmitting Power with High 

Velocities. 

" Having realized, from practical experiences, the disadvantages 
of the slow speed system, more than twenty years previously to this 
persistent attempt to perpetuate it, an entirely opposite system was 
commenced by me in the construction of a second mill at Allendale, 
in the year 1839. The idea was there carried out of more than 
doubling the then existing speed of mill shafting, from 90 revolu- 
tions to over 200 per minute, for the special purpose of reducing the 
size and weight of all the shafting and pulleys in nearly a corre- 
sponding ratio, with the economy of costs and motive power. 

"To accomplish this object, several important innovations were 
necessary upon the old modes of transmitting power. A wheel-pit 
was requisite outside of the mill building, in a separate wheel-house, 
for tlie double purpose of obtaining more apace for larger cog- 
wheels, to get up the requisite speed, and of excluding the noxious 
steamy dampness arising from all water-wheels shut up within the 
mill walls. 

"The pulleys in previous use, with ground or turned surfecea, 
would not operate quietly, without being turned inside as well as out- 
side, to balance the rims, and prevent the tremor consequent on the 
use of all unbalanced pulleys revolving rapidly. This improvement 
also reduced the weight of the pulleys to correspond with the reduced 
weiglit of the shafting and wheels, made of half the previous diam- 
eters, excepting those used iu the wheel-pits of larger size to get up 
speed. 

" Before this systematic balancing of pulleys was commenced, no 
in considerable portion of the power was transmitted to shake the 
floors, and even to cause some of the old wooden mills to rock to and 
fro. This experiment, deemed somewhat wild at the time, proved 
successful. It has gradually been adopted as an economical system 
of transmitting power from motors to machines by high velocities 
of shafts and belts. 

" In constructing a third mill in Georgiaville, in the year 1853, & 



RULES FOR BELTING. 



143 



.ble the gpeed agaiD, and 
8t ol' muU^riaJs ami power 



:tier attempt was made to more than i\ 
to still further economize the weights aud 
used. 

"The details of the experiments there made and practically 
applied, you have requested me to give an account of, as facts that 
may serve usefully for guidance hereafter to others, in further per- 
fecting the Irausmisaion of power for operating the raachiuery of 
milk. 



man 
I Nde, 



System Pursued in Transmitting Power from Motors to the Manufactory. 

"In the location of mills on water-courses, it has commonly been 
deemed necessary to place the main building directly over the spots 
where the wheel-pits are unavoidably located, on some steep hill-side, 
or rocky precipice, however unfavorable the site may be for grading 
and for costly ibundations, with dark aud damp basement-rooms, 
unsuitable for occupancy by workmen. 

"One of the most important advantages derivable from the now 
system of trauamittiug power economically to a distance from water- 
wheda as motors, is practically available in selecting a good level site 
tor the location of a manufactory. 

" In carrying out this system at Georgiaville, the power has been 
transmitted several hundred feet from a blud', where a tall of water 
of 36 feet descent was available by two successive &lls of 20 and 16 
feet each. To accomplish this task, with the massive shafts and 
couplings then in common use (1862), appeared to be too costly and 
difficult of execution with satisfactory results. 

" Encouraged by previous experiments for practically transmitting 
power by swiftly- revolving shafts and belts, the attempt was boldly 
made to carry the power to the manufactory, instead of carrj'ing the 
manufactory to the power, which was necessarily located on a hill- 
Hde, where the wheel-pits were to be excavated. 

The motors were a pair of water-wheels, 24 feet diameter and 18 
long, with a fall of water 20 feet, and a second pair ol' water- 
leels, 50 yards above them, IS feet diameter aud 19 feet long, 
under a fall of 16 feet. 

A small abaft only 3 inches diameter, if revolving with 200 
"Pm, was deemed sufficient to transmit all the power of the upper 
psir of wheels; and by transmitting this power to another lower line 
"^ shafting of the same size, but with the velocity doubled to 400 
"•^Ptvi, it was also deemed sufficient to receive the additional power of 
of the lower pair of 24-feet wheels. A driving pulley of 10 feet 
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^iiaineter oq the upper line of ahaftiug transmitted the power, by a 
belt 12 inches wide to a 5-feet puliey^ on the lower shaft, to its 
double speed. 

" Tbia idea was more readily conceived than CKecutcd. The move- 
ment of a pulley of the dimensions of 10 feet diameter, with a surface 
velocity of over 6000 Ppm, had never before been attempted prac- 
tically. Doubts were suggested of the safety of using belts with this 
velocity in mills. But afer having trusted niy own body to travel 
with the speed of a mile a minute, over Eiiglish radways, with 
numerous other passengers, drawn by a ponderous locomotive engine 
of 35 tons' weight, whirled around curves, over precipitous embank- 
ments, and uncertainly fastened rails, it seemed very rational to 
trust a leather belt to travel with the same speed. Thus reassured, 
the doubter might smile at the suggestion of danger of risking a light 
belt to journey at the same rate. But there had been no light pul- 
leys made suitable for this use. Those previously in use, made of 
two iron rims, covered with wooden lags bolted thereto, were rejected 
as unfit. 

"Although the superior convenience of belts over wheel-work and 
shafting for transmitting power had induced many attempts to use 
them 30 years ago, yet the experimenters had commonly failed of 
successfully operating them with the low rate of speed then used. 
Pulleys had not been made sufficiently light and well balanced for 
any one to adventure to use them with the high speed required for 
leather belts to operate advantageously. With the slow speed it was 
necessary to strain the belts so tightly on the pulleys, to produce 
sufficient adhesion, without slipping around on the smooth sur&ees, 
that the lacings and texture of the leather yielded ; and so frequent 
repairs were required, that the superintendents of mills nearly all 
abandoned the use of them for transmitting the power from the 
motors to the mill shafting. They fell back on the old system of 
slowly revolving heavy shafting and wheels. 

" To carry out tlie proposed system new patterns of pulleys were 
therefore made. The first pulley, 10 feet diameter, proved to be 
imperfect, and, when tested with a velocity of about 8500 Fpm, the 
rim soon made its exit through the roof of the wheel-house, and 
continued its course in a parabolic curve through the air several 
hundred yards, until it finally transmitted its motive power to plough 
a furrow in a meadow. A remodelled pulley, made to take the 
place of the wandering one, stood the test aud has continued faithful, 
without deserting its post, to perform the duty assigned to it ever 
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during a, period of 16 years. The Mine belt has also 
remained in use, in good order, after travelling about a quarter of a 
million of miles every year in ita daily circuits, with a velocity of 
6000 Fpm. 

" As a teat of the efficacy of this small 3-iiich shaft to transmit 
the power from 3 water-wheels, it may be stated that not a aiugle 
shaft or coupling has required renewal or repairs, and they appear 
still capable of a much longer service. This same 3-ioch shaft has 
also served to transmit all the power of the steam-engine used in 
limes of drought. 

" The contrast between the two systems of high and low rates of 
speed of shafts and belts, for transmitting power from motors to 
manufactories, is instructively exhibited in these two narrated in- 
stances of the practical application of each of them, with conclusive 
results of the failure of the latter. 

" To avoid the use of the brittle teeth of wheels, quite recently the 
adhesion by friction of the surfaces of wheels has been employed for 
the transmission of power. To intensify the friction, the adhesion 
has been increased by turning grooves and ridges on the laces of the 
wheels brought together by pressure. 

" This arrangement has been found advantageous for engaging and 
disengaging heavy washing machines and other apparatus in dye- 
houses and bleacheries, where leather and India-rubber belts fail. 

" It may be questioned whether there is not a great loss of power 
by transmission through a length of 300 feet of a 3-inch shafting. 

" Undoubtedly some power is lost by friction in this case, but not 
so much as by the massy shafts described, or by a similar line of 
main shaftings in mills, where the friction is much augmented by 
loading the shafts with numerous pulleys, and by the tension of 
nomerous belts. 

"If kept in line and properly attended, the friction of a naked 
shaft of tbe length of 300 feet is so small as to be easily turned by 
tbe hand of a man. The friction being caused by the weight of the 
sliaft only, is not affected by any extent of power transmitted by it 
*nile revolving, whether it vary from one to an hundred horse-power. 
" Where high velocities of mill gearing are used, it is desirable 
w limit any accidental extreme acceleration that might prove inju- 

"Thia was readily accomplished by the simple arrangement of a 
"tch, to be lifted by a touch of the whirling arm of the ball regu- 
''j whenever the accelerated speed causes it to rise to a certain 
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prescribed limit. The liftiug of this latch disengages the connec^m 
of the regulator with the gate of the water-wheel, and simultaneously 
engages anotlier adjacent revolving wheel, that inBtantaneously shuts 
the gate more quickly than can be done by band. By this automatic 
action the water-wheel itself is made a aelf-regulating machine. 

"A wire extended from the distant mill, like a bell-wire, serves to 
communicate witb tbe same latch by a slight pull of the hand, and 
to shut the gate of the water-wheel by the same automatic arrange- 
ment. This was devised for use only in case of accident, requiring 
the immediate stoppage of the machinery. 

" This same system should be applied to automatically shutting 
off steam from an engine, whenever the velocity may accidentally 
become accelerated beyond a prescribed limit, to endanger the 
machinery. 

" The very important advantage of combining together the action 
of the several motors of a manufactory to co-operate in concert for 
equalizing tbe regulation of the speed of the looms, aelf-actors and 
other machines, requiring great uniformity of movements, is really 
available, where the velocity of a mile per minute of a connecting- 
belt is adopted. While the strongest shafting and cog-wheela fail to 
accomplish this work, even with the most massive materials, as has 
been described, all 4 of tbe water-wheels of the Georgia mill have 
been very satisfactorily and successfully made to act in unison by a 
single belt of only 8 inches in width. This belt serves to transtnit 
back and forth between the motors any excess of power that either 
may receive, and to return any surplus, to an extent of 60 horse- 
power. A range of variation of 120 horse-power is thereby available 
for maintaining an equable movement of all the machines of a large 
manufactory with admirable regularity. The elasticity and slight 
slipping of the belts relieves the shocks of more than 100 tons of 
water-wheels, which break the teeth and shafting made of rigid, 
unyielding iron. 

" This system was necessarily introduced to prevent the waste of 
water that ensues when two mill regulators are used to control tbe 
flow of water successively from one pair of wheels above another 
lower pair. The two regulators cannot be made to act harmoniously, 
for each one is governed by the varying load of machinery imposed 
on each motor. The annoying waste of the surplus water in times 
of drought, shut off by the regulators, and flowing past without use- 
ful effect, can be prevented entirely by using only one regulator on . 
the upper wheels for controlling the whole of the machinery. 
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" Thus a small leather belt, of only 8 inches width, baa been buc- 
oeasfully employeil for many years, and ia Btill employed, with the 
Telocity of a mile a minute, to control the speed of 4 water-wheels, 
Kke leather reins to bridle 4 Bleeds, 

"In a manufactory operated by two independent motors, with dis- 
tinct lines of shalting, the two systems may be connected even by an 
inch belt moving with high velocity, to modiiy, wonderfully, the 
sadden extremes of speed, so disadvantageous where machines are 
operated, requiring nice adjustments of power." 

" In the present experimental stale of the introduction of pulleys 
and belts, moving with high velocities for the transmission of power 
to a distance from motors, a few facts may be briefly stated to inspire 
confidence iu the operators of mills to adopt new arrangements by 
learutng what has been found practically successful. 

"A good leather belt, one inch wide, has sufficient strength to lift 
1000 lbs. 

"The speed of a mile per minute for main driving leather bella 
lias been found both safe and advantageous for practical use. 

"The capability of belts to transmit power is determined by the 
**t«nt of its adhesion to the surface of pulleys. 

"The extent of adhesion of bells varies greatly under varying cir- 
cunistances of the use of them, and is very limited in comparison 
"^'n the absolute strength of the leather. 

"The adhesion and friction, causing the belt to cling to the surface 
"■ * pulley without slipping, is mainly governed by the weight of 
"■e leather, if used horizontally. 

if belts are strained tightly on the pulleys, then the adhesion ia 
"^'"eased in proportion to the increased tension produced. 

' The weight of leather in vertical belts tends to produce a sag 
^"e^th the under side of the under pulley ; and, if loosely put on, 
'SHt not touch it at all, to transmit power by adhesion. For this 
^''^Ckn it is necessary to strain on more tightly all vertical belts, with 
. ^Jiendence on the elastic stretch of the leather for producing adhe- 
sion^ 

-A vertical belt of single leather of the width of 6 inches, and with 
" '^locity of 5200 Fpm, baa practically been used very satisfactorily 
. '■**« Greorgia mill, during several years, to operate 10,400 self-act- 

^ *nule-spindles, and the spoolers and warpers for the same ; and 
^°**tlier belt of similar width and velocity, 110 feet in length, has 

""^^ to transmit the power from a 24-feet water-wheel, 18 feet long, 
""^^r a fall of 20 feet, with the same velocity of 5200 feet. 
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"A 24-inch belt of single leather, with the velocity of 4850 Fpm, 
has transmitted all the power of a steam-engiue of 6-feet stroke, 30- 
inch cylinder, making 40 Rpm, and with so slack a tension on the 
returning side as to flap acd wave with an undulating movement. 

"These statements are specified simply to show what has been done 
by belts ninniug with certain velocities, uot for the purpose of hold- 
ing thera up as models for imitation. 

" No fixed rule can be given for calculating the actual adhesion 
of belts ; for this adhesion depends upou so many contingent facta of 
their relative positions and weights, as atfected by greater or less 
lengths and breadths, and lightness. As the result of experimental 
observations, it may safely be calculated that, with a properly slack 
belt, the effective adhesion of a horizontal belt may be taken at 30 
lbs. to each inch of width of short belts, and double of this on long 
belts, with threefold or more if tightly strained on the pulleys, whioh 
never should be done, for this increases the friction of the bearings 
and waste of power, iu additioa to injuring the durability of the 
leather for service. 

" Clamps with powerful screws are often used to put on belts with 
extreme tightness upon the pulleys, and with most injurious strain 
upon the leather. They should be very judiciously used for horizon- 
tal belts, which should be allowed sufficient slackness to move with 
a loose undulating vibration on the returning side, as a test that they 
have no more strain imposed than what is necessary simply to trans- 
mit the power. 

" Rather than to continue to use horizontal belts with overstrained 
tightness to obtain the necessary adhesion, it is often better to use 
larger pulleys, which require less adhesion to transmit an equal 
extent of power. 

"On the scientific principle that the adhesion, and consequently 
the capability, of leather belts to transmit power from motors to 
machines, is in proportion to the pressure of the actual weight of the 
I the surface of the pulley, it is manifest that, as longer 
re more weight than shorter ones, and that broader belts of 
i length have more weight than narrower ones, it may be 
a. rule that the adhesion and capability of belts to trans- 
mit power is in the ratio of their relative lengths and breadths. A 
belt of double the length or breadth of another, under the same cir- 
cumstances, will be found capable of transmitting double the power. 
For this reason it is desirable to use long belts. By doubliug the 
velocity of the same belt, its efiectual capability li>r transmitting 
power is also doubled." 
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From Daniel Hussey, Lowell, Mass., in " Proceedings of N. E. 
Cotton Manufacturers' Association," No. 10, April 19, 1871. 

98. " A leather strap or belt an inch wide will sustain 1000 lbs. 
before breaking. I have, therefore, taken 8 per cent, of the breaking 
weight, or 80 Iba. to the inch, or about 400 feet to the horse-iwwer, 
as a tension that will not materially injure the leather for a long 
period by overstraining or stretching. This is used for single belts 
— main drivers only. A double belt will give J more equally well. 

"As regards the velocity of belts, this subject admits of a wide 
margin. Ordinarily, counter-bells, where the ceotreB are not more 
than 12 feet apart, will require 1000 feet to horse-power per minute, 
and card and loom belts from 2000 to 3000 horse-power per minute. 
When at the Nashua Co. 'a mills, I ran a 20-inch single belt 7200 Fpm 
from a 14-feet diameter to a 4-feet diameter pulley, which ran suc- 
cessfully on the 14-feet diameter, but the centrifugal ibrce on the 
4-feet diameter pulley caused it to jump or fly from the surface and 
run a little uneven, owing to the uneven weight and thickness of the 
leather. 

"I think it would have run well on a 6-feet diameter pulley, 
"When it was running 6000 Fpm it ran very satisfactorily indeed, and 
I could not have aeked to run it better. From this experiment I 
bave come to the conclusion that 6000 feet is as fast as a belt should 
run when the small pulley is not over 4 feet diameter. Taking this as 
a basis of calculation, a 10-feet pulley may run a belt 10,000 Fpm 
with safety. It is, however, seldom in practice that we should need 
such quick speed. Some three weeks since I commenced running a 
single belt 5400 Fpm — the smaller pulley being about 4 feet diam- 
eter — which gives excellent satisfaction. I know of no definite rule 
for running belting; everything depends upon surrounding cir- 



"A horizontal belt, running on not less than a 7-feet diameter 
pulley, 50 feet from centre to centre, and working side at bottom, 
will run well with 400 feet to a horse-power, the slack being taken 
up by its own weight. The same belt, at an angle of 45°, will require 
500 feet to the horse-power, and with a vertical belt it will be almost 
impossible to run it any length of time without a binder (which, of 
all things, we most dread in a mill), I will now mention one law of 
belting that may not be known to yon all, i. e., the hug or adhesion 
'a as the square of the number of degrees which it covers on the 
pulley, or, in other words, a belt that covers | of the circumierence 
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of a pulley, requires 4 times the power to make it slip as it does 
when it covers ^ of the same pulley. 

" Belts, like gears, have a pitch-line, or a circumference of unifonn 
motion. This circumference is within the thickness of the belt, and 
must be considered if pulleys differ much in diameter and you must 
get a required speed. 

"Owing to the slip, elasticity, and thickness of the belt, the cir- 
cumference of the driven seldom runs as fest as the driver. With 
two pulleys of equal diameters, one may be made to run twice as 
fast as the other without slipping, if you use an elastic belt of India- 
rubber, 

I simply mention this to show the effect of elasticity in belts. As 
the power of a belt is as its velocity, it is well to run it as fast as 
possible to avoid lateral pressure, and, consequently, friction of the 
shaft." 

Pulleys. 

" One of the greatest objections to the fast running of shafting and 
belts is the want of pulleys properly constructed. My experience 
leads me to the conclusion that it is not safe to run a cast-iron pulley 
4 feet diameter 400 Rpm, owing to the unequal shrinkage of castings 
in cooling and other imperfections. Running slow, the centrifugal 
force has but little effect ; but as the centrifugal force is as the square 
of the velocity, it is not so easily overcome in rapid motions, 

" If you make the rim of the pulley thicker, the centrifugal force 
increases with the thickness, and, consequently, nothing is gained by 
the extra iron. I have, therefore, substituted white pine felloes 
made of one-inch boards, breaking joints for the rim, built on cast- 
iron hubs and anus. The centrifugal force of material is as the 
specific gravity, and the specific gravity of cast-iron ia 13 times 
t^at of pine, hence the centrifiigal force must be 13 times greater ; 
but the tensile strength of cast-iron is only two to one *f that of 
pine, therefore the rim of a pulley made of white pine felloes will 
sustain from 4 to 6 times the centrifugal force of a rim made of cast- 
iron ; that is, the same diameter with white pine felloes will run more 
than double the velocity without being torn asunder. It is less likely 
to be broken by jar or blow, and is less than half the weight, and, 
of course, takes less power to run it, I have run a pulley made In 
this way 16 feet diameter, 4 feet wide, 90 Rpm for 18 months. I 
have just started another, 17 feet diameter, 62 inches wide, 100 Rpm, 
driving on to one made the same way 4 feet diameter, and nmning 
425 Rpm. Both of these are working well. I am fully convinced 
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lat, with quick ehafting, wood must take the place of cad-iron for 
the riiiia of pulleys 3 feet diameter aud above. 

" No. 2 section of Lawrence Manufacturing Co. has been running 
vith gears, shafting, pulleys, and belte, conforming as nearly as pos- 
sible to the above rules, and is driving the shafting for 38,000 spiudles 
(throstle, ring, and mule) with the same amount of power aa it for- 
■ly required for 19,000 spindles." 

From LefTel's " Mechanical News." 
"But not only have band-saws been used with success for 
heavy work, but another application of a metallic band of essentially 
the same nature has been made, aud, it is said, with satisfactory 
results. We refer to the employment of a belt of sheet-iron inst«ad 
of leather or rubber fortransmitting power from one pulley to another. 
This has been done in at least one instance on record (see Art. 146), 
and the operation of the belt ia reported to have met all the require- 
ments of tlie work. The pulleys in this case were of cast-iron ; and 
it ia suggested that if pulleys with an elastic surface were employed, 
still better results would be obtained. The substitution of steel belts 
in place of cast-iron is also recommended as, at least, an experiment 
worth trying ; aud tlie fact that in the case of a band-saw the saw 
itself transmits the power by its friction on the lower pulley. As high 
as 15 horse-power being in some cases effectively transmitted by such 
a saw, ia pointed out as a proof of the entire adaptability of ateel to 
belting purposes. 

" The tensile strength of low steel is such that it is calculated that 
a belt of this material one foot wide and ^ inch thick could, with a 
safe working strain — the same in proportion to actual strength which 
ia allowed in ordinary belts — transmit 900 horse-power. So far aa 
ability to bear tension is concerned, this is certainly enough and to 
spare. (See Art. 79.) 

" The various mechanical difficulties which may suggest themselves 
to the reader aa liable to occur have, in a great degree, been over- 
come in the manufacture of band-saws, for which almost precisely 
the same conditions — facility of joining and general management — 
are required as would be called for in belting for any class of work." 

The following, f^om "Overman's Mechanics," 1851, 
we reproduce here. 
"For the transmission of rotary motion belts are generally 
d ; iron chains have also been employed, but they are now almost 




UDtversally abandoned for wire ropes. If an India-rubber, leather, 

or any other description of belt passes around a pulley it adherea to 
it with a certain force, whicL may be called adhesion. A certain 
tenaioQ of belts is always required to prevent slippage ; besides which 
the angle of contact is an element of adhesion. The formula for the 
force F, which is to be transmitted by a belt of the tension, t, is ; 



'■t + 4 



" R' 



in which C is the co-efficient of friction, log. the common 
S is the arc of the pulley covered by the belt, and .R the radius. The 
common co-efficient of friction cannot be applied in this case ; it is 
.47 for greased leather upon wood, .50 for dry leather upon woodt 
.28 for dry leather upon cast-iron, .38 for oiled leather upon castriron, 
and .50 for new hempen ropes upon wood. India-rubber belts may 
be classed with oiled leather. To increase the arc on the driving- 
pulley, that which is driven may be made smaller, and to increase 
the arc on both the belt may be crossed. In many instances the arc 
as well as the tension is increased by a tension pulley. 

In cases where all these are insufficient to produce the adhesion 
required, the rope may be put around the pulley more than once, to 
afford it a longer time of contact. This is particularly resorted to 
where ropes are to pull heavy loads, as up inclined planes. This 
arrangement is here represented r 

If the pulley A is grooved, of which at least two are fastened to 
the same shaft, the rope is directed on one of these pulleys, and, 
passing around it, goes to B, which revolves on an inclined axis, such 
that the rope will be received from A' and delivered to A in the plane 
of the grooves. The number of pulleys may be multiplied to gain 
adhesion. This method of augmenting friction is preferable to the 
tension roller, as no increase of tension is required ; and it has the 
additional advantage of bending the rope in the same direction, which 
makes it more durable. 

To determine the strength and size of a belt, find first the amount 
of labor to be performed by it. This labor is its tension with velocity. 

If a belt passes over a 3-feet pulley which makes 100 Epm, its 
velocity will be : 

lOOxSx 3.U16 = 943.4s Fpm. 

If this belt is to transmit 2 horse-power, its tension on the pulling ^ 
Bide is: 2XSS000_,^,, 
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In most of these cases, we may neglect the width of the pulley in 
the calculation of friction ; for the strength of the belt, if sufficient 
to resist the tension, makes the belt wide enough for adhesion. In 
all cases it is advisable to make the belt sufficiently wide: no other 
loss arises from too wide a belt than that of first cost and the loss in 
rigidity. If a belt is too narrow, or the arc of contact loo short, the 
tension must be increased, in order to afford sufficient adhesion to 
the pulleys. 

Short belts are very disadvantageous, and so are vertical ones : 
they always require more tension than either long or horizontal 
beltfl. Those which are too narrow will stretch, in consequence of 
which tension and adhesion are diminished. The adhesion of 
leather upon iron and smooth surfaces is greater than upon wooden 
and rough surfaces ; for these reations pulleys ought to be made of 
iron, and perfectly round and smooth. Frequently we see the sur- 
face of the pulleys convex, in order to prevent the running off of the 
belt; this convexity must be very small, or it will diminish adhesion. 
The moat perfect is the cylindrical form of pulleys for fiat belts. 

Bound ropes, or striuga, are conducted by grooved pulleys, in 
which the adhesion of the rope is increased by the wedge-form of 
the groove into which it is squeezed ; the adhesion of these ropes to 
the pulleys increases, therefore, as the angle of the groove diminishes. 

Round grooves are disadvantageous, because they are destructive 
to the rope, caused by its sliding on the sides of the groove. The 
beet form for the groove is angular, so that the rope touches but in 
places tangential to its circumference. 
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^^^^B CHAPTER ^^H 
^M METHODS OP TRANSMISSION BY BELTS AND PULLEYS- 

^M Main Driving Belts. 

^H 101. Mr. 8. S. Spenoer, Superin tea dent of Couestoga Mills Nos. 
^^M 2 and 3, at Lancaster, Pa., has kiudly furnished me with the follow- 
^^1 ing particulare of the main driving belts now in use in these two 
^H mills: 

^^H Mill No. 2 ia driven by a horizontal condensing Corliss engine, 
^^B having a 30-mch cylinder. 6-feet stroke, and running 52i Bpm. 
^^B The %-wbeel ia 22 feet in diameter, and weighs 25 tons. It has 
^^M tfieth on its periphery of 5.183 inchea pitch, 18-inch face, and drives 
^^H a "Jack" 9 feet 7i inches diameter on a counter-shaft 9 feet 10 inches 
^^B below the engine shaft. On this counter-shaft are three 9-feet 6-ineh 
^^H pulleys, each driving a 5-feet pulley on the main lines aa here shown. 




^B^^^^^^^^^l 
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I^^^^H 
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L 


Fig. 19. 

The belts running to right and left are each 23i inches wide, ar 
«h transmits 125 horse-power. The middle belt is 29 inches wid 
d transmits 175 horse-power. AU are of double leather. 
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1 No. 3 IB driven by a horiBontal non-eoudeii»ing Corliss engine 
of 28-inch cylinder and 5-feet atrolte, running 50^ Rpm, haviug a 22- 
feet diameter fly-whe«l pulley of 17 tons' weight. 

Two 14J-inch double leather belw on the fly-wheel run t^j right and 
left, driving 7-feet pulleys on the line shafts, thus: (,Fig. 20.) 




Fig. 20. 

The belts transmit 250 horse-power, have been in uae since 1852, 
and are doing well. If we suppose each belt does half the work, we 
will have 33.64 square feet of belt in motion per minute per horae- 
power. 

Ajiother case worthy of not* is that of a 16-inch cylinder, 48-inch 
horizontal Corliss engine, with 14-feet diameter fly-wheel pulley, 
making 65 Rpm, carrying a I2-ineh double leather belt over a 6-feet 
pulley on the line shaft, which is located under the second floor of 
the factory in the usual way, and 17 feet horizontally distant from 
the engine shaft. This engine is doing 90 horse-power, and has been 
running 8 years. Tlie velocity of belt surface here is 2860 Fpm, 
and gives 31.77 square feet of belt per minute per horse-power. 

Mr. Spencer further says : " Whether a belt is more or less liable 
to slip on the larger pulley, I say less in all cases. There is great 
advantage in covering the smaller pulley with leather where much 
work is required. It is much better to use narrow belts and pulleys 
of large diameter, than wide bells and pulleys of small diameter. 
This fact is probably less understood and appreciated than any other 
in connection with belts and pulleys. Belts require care in their 
application and management. I have belts that have been in use 22 
years under rather unfavorable circumstances, and look to-day (1872) 
f they would last 10 years longer." 
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Main Driving Belts. 
102t Mr. W. B. Le Van presents this and the next case of 

driving belts : — At A, Campbell & Co.'k factory, Manayunk, Philada., 
the motive power is transmitted by 3 belts to 3 separate Hue shafts, 
as shown in Fig. 21. 




Fig. 21. 



Belt No. 1 to the upper 6-feet pulley is 17 inches wide. Belt No. 
2 to the 8-feet pulley beneath is 21^ inches wide. Belt No. 3 to the 
8-feet pulley, to the right in the cut, is 26^ inches wide. The belta 
are all double leather, and run from the pulley fly-wheel on the engine 
ehaft, which is 24 feet diameter, 6 feet width of face, and weighs, with 
its shaft, 43 tons. The engine is a horizontal Corliss, with 30-incli 
cylinder, 5-feet stroke, making 52 Bpm, driving about 20,000 splndh 
and the usually connected machinery. 

In Fig. 22 we give an indicator card taken from this engine on 
March 2, 1874, under a boiler pressure of 85 lbs. Scale of card 30 
lbs. to the inch ; average pressure 45.8 lbs. ; horse-power exerted by 
1 lb. of pressure 11.14 ; estimated power to run engine only 16.71 
hence we have (11,14 X 45.8} — 16,71 = 493.5 horse-power. Some 
of the cards ran as high as 47 lbs. average pressure. The average 
of 8 cards was 456.74 horse-power. 
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Fig. 22. 



Example. 

103. At Great Bend, Indiana, an 18-inch cylinder, 4S-inch 
stroke, Corliss engine, under 90 pounds of steam, at 65 Rpm, trans- 
mits 190 horse-power iiaually, and at tiiuea 222 horse-power, through 
the medium of a 22-inch single leather belt over a 12-feet fly-wheel 
pulley, to a 42-inch pulley on the line shafl. 

This belt was originally 24 inches wide, but using the figures above 
we get 23.64 and 20.23 square feet of belt in motion per miaute per 
horse-power respectively. This is the hardest worked belt of any yet 
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Pelt at J. & J. Hunter's Print-Works, Hestonville, Philada. 

1104. A 5-ply gum belt, 24 inches wide and 79 feet long, runa 
on the two pulleys 15 feet 2 inches and 6 feet 6 inches in diameter, 
situated as shown in Fig. 23, the lower fold drawing. 

The engine has a 20-inch cylinder, 36-inch stroke, and makes 56 
Rpm, works under 80 lbs. boiler pressure of steam, aud gives ofi' 60 
to 70 horse-power. 

The centre of the 6-feet 6-inch driven pulley is 6 feet 6 inches 
above, and 17 feet 9 inches horizontally distant from the centre of 
the engine shaft. 

The data given above show that when 60 horse-power are trans- 
mitted by this belt, there are 88.97 square feet of belt travelling per 
minute per horse-power, and that when 70 horse-power are transmitted, 
^J6,26 ficiuare feet are travelling per minute per horse-power. 
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This case is interesting as showing the amount of power a belt is 
capable of transmitting when adhesion is produced on the pulleys 
by its own weight. At the time these dimensions were taken the belt 
folds were within 4 feet of each other. 




Fig. 23. 



Mr. .H. W. Curtis, of this city, furnishes the following on Main 
Driving Belts. 

103. " We have at our works, now Halo, KiJburn & Co., a 20- 
inch single leather belt 167 feet long, having a 3^ inch single leather 
|]elt cemented and riveted on its outside face at either edge, and 
transmitting the power of a 20-iuch diameter, 48-inch stroke, hori- 
zontal Corliss engine. It is arranged to give power directly to 3 
shafls, each in a separate room, from which the power is further eon- 
vejed by means of vertical belts to the other parts of the factory. 
The lower fold of this belt extends from the fly-wheel over a pulley 
4 feet in diameter (see cut No. 24) situated 28 feet from and 23 feet 
above the horizontal line of the engine. 

"The upper fold ia carried 12 feet 3 inches higher, and over a 
pulley 3 feet in diameter, situated directly above the 4-feet pulley. 

" The main receiving pulley is 6 feet diameter, situated in an adja- 
cent building, 48 feet horizontally distant, having its centre on a level 
with that of the 4-feet pulley. 

" The fly-wheel is 18 feet diameter, and runs 60 Rpm, giving a 
elocity to this belt of 3392 Ppm, and was calculated to give 125 
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Iiorse-power on the 3 pulleys collectively, in the proportion of 80 on 
tlie S-feet pulley, 24 on the 4-feet pulley, and 21 on tlie 3-leet pulley. 

"This would make 70.6 square feet of belt per minute per horse- 
power on the 6-feet pulley, 236.55 square ieet on the 4-feet pulley, 
and 292.2 square feet on the 3-feet pulley. If considered aa a 27-ineh 
belt, it would be working at 61 square feet per minute per horse- 
power. 

"This belt has worked up to 125 horse-power, as proven by indi- 
cator cards taken from the engine, which subjects the lower or draw- 




Fig. 24. 

ing fold of the belt to a tensile strain of 1216 lbs., or 45 lbs. per 
inch of width, allowing 7 inches for 3i-inch strips, making the belt 
equal to one of a single thickness 27 inches wide. 

"This belt has been running 9 months ; its upper fold is very slack, 
the longest span is 50 feet at an angle of 45°, having a sag of 20 to 
24 inches, and it has given entire satisfaction during that time. We 
have also 3 other belts, with similar strips on their outer faces. 
These belts were all tried single at &T'it, but would not do the work 
required of them. The first is 20 inches wide, taking power from a 
pulley 4 feet in diameter to one 3 feet In diameter, situated 12 ieet 
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10 inches directly above. The next is 16 inches wide, taking the 
greater part of the power from the 20-inch belt by means of a 40-inch 
pulley to one 24 inches, situated 12 feet 6 inches directly above. 
These belts were put on at the same time aa the main belt, and after 
trying them 5 days, running only part of the machinery, and that 
with insufficient power, we thought it best to try the strips. The 
result was that with the strips they have driven all the machinery 
connected with them, giving no trouble whatever, and have not been 
tightened more than once in the time named above. 

" The next is an 8-inch belt driving a pump, the piston of which 
is 4 inches diameter, 12-inch stroke, is double-acting, and makes 24 
strokes per minute. The pulley on the crank shaft of pump is 22 
inches diameter, and this is driven by a 7-inch pulley, situated 9 feet 
below, and 5 feet from the perpendicular line of the pump ; both 
pulleys are covered with leather. The pump lifts water 12 feet, 
through a 2^-inch pipe, and forces it 80 feet more of vertical height 
through 123 feet of 2-inch pipe. A single leather belt 8 inches wide 
was first applied, but it would not drive the pump at all. It was 
thoroughly tried by being drawn so tightly that it parted at one of 
the splices in a few minutes. It was then provided with strips, one 
on each edge l^-ineh wide, and put on again, driving the pump auc- 
cessfully. It runs about 3 hours each day, and has not been tight- 
ened in 5 months. 

" From the above results it is plain to see that our experience with 
belts of this character has been very satisfactory thus far, and we do 
think that belts made lieavier and stronger on their edges conform 
to the convexity of pulleys better, and that the same weight of leather 
will drive more and keep straighter than when put in any other form. 
We do not, however, recommend belts strengthened by narrow strips 
on their outer faces for running at a high speed over very small 
pulleys; in such places, only light belts, of an even thickness, should 
be used." 

Main Driving Betts. 

lOG- Referring to Fig. 25, which represents the driving arrange- 
ment of the " Patent Metal Co.," Philada., 



A is a 12- feet pulley, 18-inch face, running 55 Kpm. 



15-inch single leather belt. 
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The pulley D is 28 feet from A, meaeuriDg from oeiitre to centre 
of ahafle, which lie in the same level plane, and B it* 24 feet horizon- 
tally distant, and 12 feet above A, which latter is a heavy malo 
driving pulley on the engine shaft. The cylinder of this engine is 
20 inches diameter and 36 inches stroke, the fly-wheel A making 55 
Rpm. Indications taken during recent trials showed that 105 horse- 
power were transmitted by the belt F to the pulley D on the roll 
shaft, and that 20 horae-power were transmitted by the belt E to the 
pulley B ou the line shaft. During one trial the belt F was found 
to have sufficient adhesion to hold the engine still with steam on, the 
amount of steam admitted to the cylinder being unequal to the resists 
ance at the rolls, when the indicator recorded 125 horae-power. 
Afterwards, with altered valve giving later point of cut-off, this same 
belt drove the rolls through their work without stoppage, and with 
an average indication of the same horse-power. 




Fig. 26, 

Means of Increasing the Adhesion of Belts. 

107' Various means have been devised for augmenting the 
adhesion of belts to the pulleys which they drive, to some of which 
we now refer. With the ordinary single and double belts, where the 
usual tightening of the same as well as where the application of the 
several oily and adhesive matters in common use have proven insuf- 
ficient, a very simple remedy has been applied with success, in the 
shape of a narrower belt drawn tightly, with ends laced in the usual 
way, and allowed to run with, and on the outside, of the same. 
K This is a remedy almost too simple to refer to, yet it has, in many 
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instances, proven a valuable addition to the driving power of cer- 
tain helia which fail to transmit the power desired from lack of 
In many eases belu do not possess sufficient tensional 
strength to impart the power due to their surface velocity ; with 
such the auxiliary belt above referred to is the cheapest and readiest 

Double leather belts are frequently employed in place of single 
ones, to increase adhesion on the pulley sur&ce ; but while we are 
assured of greater tensional strength in the double belt, we have no 
data to prove its superior adhesive power. 

We have, however, the valuable testimony of Mr. F. W. Bacon, of 
New York, whose large experience in this line of practical engineer- 
ing gives weight to his conclusions. He says : " I never use double 
belts under any circumstances. I am satisfied that, other things being 
equal, they will not do as much work as a single belt, because they 
do not come in contact with as much surface as the more pliable 
single belts do ; hence there is no advantage in doubling the thickness- 
If greater tensional strength is required use wider belts," 

: present the "traction gearing" of Mr. Alonzo 
Hitchcock, of New York, which consists of 
3 pulleys, each on an axis of its own, and 
a driving belt so placed that the driving 
pulley. A, touches the driven pulley, C. These 
Iwo are forced into close contact by the auxil- 
iary pulley B, over which the belt is tightly 
drawn from the pulley A. The larger pulleys- 
may be leather covered, and all should be 
and have their centres in the same straight line, 
and, of course, tbeir axes in the same plane. 

It is evident, on inspection, that the belt and pulley surfaces all 
favor rotary motion in the pulley C, and while the pulleys A and 
may vary greatly in diameter, producing rapid increase of speed, 
the belt passes freely and with full driving effect over comparatively 
large pulleys. The pulley B being made of any diameter desired. 

This combination was patented January 30, 1867. The inventor 
says: "I claim distributing the power around the shaft to be driven, 
so that the tendency to displace the shaft on one side is counteracted 
by that on the other, by the means and in the manner shown." 

A more complicated arrangement of pulleys for gaining a high 
speed of rotation at once, without intermediate pulleys, is shown bf 
Parker's patent belting in Fig. 27. 




METHODS OP TRANSMISSION. 



163 




Fig. 27. 



In this the auxiliary pulley, B, is connected to the driven pulley, C, 
by an endless belt, F F, but, unlike the usual 
method, the driving pulley A ia set against the 
outeide of the belt to contact with B aud C, the 
belt passing between. 

The axis of the pulley B turns in the ends of 
the arms, E, one being on eauh side, which are 
jointed with the arms D at H, outside the 
pulley; the other ends of D turn upon the shaft beariugs of 
pulley A. 

These levers form a toggle by which the auxiliary pulley is forced 
agninst the driving pulley. The effect of thia combination is to draw 
belt aud pulleys into close driving contact, and at the same time to 
avoid severe lateral strains on the shaft bearings. 

The driving and driven pulleys may have diameters of 30 to 40, 
aud even as high as 60 to 1 respectively; the driven pulley may, 
indeed, be nothing more than an eolargement of its shaft, and the 
auxiliary pulley must be of such diameter as will prevent contact of 
belt at F. 

The pulley surfaces must all be straight ; that of C may be 
covered with leather, the belt must be made of well stretched 
leather of uniform texture, must have a permanent joint, aud be 
of equal thickness throughout its entire length, and all the parts 
must be fitted with great exactness to inaure perfect working of the 
combination. 

Many of these have been made and used for driving small circular 
aaws, where hand-power is employed, and for such and like purposes 
they answer very well. 

. One of the simplest methoda of increasing the efficiency of any 
■ cord is with pulleys of given dimensioua, to cause it to 
Inbrace a greater portion of their circumference, which increases 
proporiionally its adhesion as well as its driving power. The fol- 
lowing shows one method of doing this by the cord and pulley 
arrangement- 

In Fig. 28 one fold of the cord is drawn out of 
its direct course between the peripheries of thu 
driving sheave A and driven sheave C, across the 
other fold and around a tighteniug sheave, B, 
which ia so arranged as to be moved to and 
from the other sheaves, and act at such an angle 
i to prevent contact of cords at points of cross- 
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iDg. The movement of B is such ss to permit tbe cord to run in 
grooves of different diameters on A and C, by which different speeds 
in C can be obtained when that of A is uniform. 

This IB an old device, and is frequently applied to the driving gear 
of foot-lathes. 

Id tbis the driving power is limited to the adhesion of the single 
cord in the sheave grooves, but its circumferential contact is such a 
to give the greatest effect possible. 

In order to greatly increase the adhesion of the cord the plan 
shown in Figs. 29 and 30 has been devised, 
and cousJBts of two multigrooved wheela, 
A and C, the driving and driven sheaves 
of the system. Into the grooves of these 
sheaves is wound continuously a single ei 
less cord, in parallel lines from one sheave 
to the other, such that the cord in leaving 
the last groove of A is deflected across and 
above the other cords, and delivered in line 
of the groove in C by the adjustable single 
grooved sheaves E and B. 

The bearings of these sheaves are se- 
cured to rods, D D, fixed parallel with the 
cords, and upon which the sheaves can be 
slipped and fastened to take up slack of cord. 

It is evident that with any cord its adhesion, and consequently its 
driving power, is increased in the direct proportion of the number of 
grooves in each driving sheave. 

Referring generally to pulleys with angular grooves for round 
cords of any material, we quote from Publication Indmirielle, par 
Armengaud aine. Vol, IX., p. 428 : 

" This system is much in use for transmitting power by means of 
hemp cords or round gut belts of small dimensions. The angular 
shape of the groove is preferred, in order to increase the adhesion of 
the cord, which is thus pinched between the surfaces of the groove by 
the primitive tension it receives similar to ordinary belts. The angle 
which the two surfaces form with each other is made ordinarily 60°." 
A very simple method of driving two pulleys on separate shafts 
from one pulley is shown in Fig. 31. The driving pulley A has a 
belt running to B, which it turns in the usual way. 

The pulley C may be driven by A also, by simply running its belt 
over the belt which turns B. 




Fig. 30. 
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the adhesion auflieieutly 



I 



The belts atop of each other o 
to drive both B and 0. 

We have found it convenient, as well as economical, to | 
resort to this expedient for driving linea of Bhafting ii 
ferent stories from the prime mover below. 

" Where pulleys of very unequal diameter are coupled 
liy a belt, the surface of contact with the smaller pulley is I 
so little that the belt must be very tightly stretched, in | 
order to transmit its full duty. Thia is especially the c. 
where the two pulleys are very near each other. In the 
case of the small centrifugal pumps, made by Gwynue & \ 
Co- for plantation and farm use, the horse gear is c. 
nected with the pump by belting from a large pulley lo ^^S- "I- 
the riggers of the pump, the relative diameters of the two 
being about as 6 : 1, while also they are placed but four or five 
inches apart. The short belt, thus acting upon a very email portion 
of the surface of the rigger, requires to be very tightly stretched, 
and in this way a heavy strain is brought upon the bearings. To 
relieve this strain, Messrs. Gwynne & Co. place a friction wheel 
between the pulley and rigger, so as to touch both in a line connect- 
ing their centres. This wheel, revolving freely upon a fixed centre, 
receives the strain exerted by the belt. No means of adjust- 
ment are provided to compensate for the 
wear of the journals, nor is sucli pro- 
vision believed to be necessary. The ar- 
rangement, so simple in its 
possess a considerable advantage c 
ordinary practice of throwing the whole | 
strain of the belt upon the bearinge 

The intermediate pulley is rece™^" .^ 
the centre of its fece, so as to bear on the °' 

others at the edges only. The arrangement is said to work wel!, and 
is here shown (Fig. S2). 

Double Separate Belts. 

lOSt Mr. J. S. Lever, of Philadelphia, presents this curious per- 
formance of a pair of belts, shown in Fig. 33. 

"The driving pulley, a, on the engine-shaft is 5 feet diameter, and 
runs 75 Kpm ; the driven pulley, b, on the line-shaft is 3 feet diam- 
eter, and about 20 feet distant in a line near 45° with the horizontal. 
Both pulleys are wooden drums covered with leather, and have suf- 
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icient breadth of face for two 12-inch belts. When this arrange- V 

ment was starteii two 12-iuch single leather belts were put on side I 

by side, and for some | 




■ 


time were run in that 
way, but never satisfac- 
torily. After many fruit- 
less efforts to obtain a 
uniform action of the 
two belts, one accidents 
ally mounted the other, 
the two running thence- 
forth as one double 
belt. In this way they 
drove the line -shaft 
better than ever before. 
Many experiments 
were tried in the rela- 
tive tightness of the 


1^^ p- 33 two belts, which inva- 
^^L riably proved that the 
^^M best driving was always secured when the inside belt, d, wag very 
^^B slack, sagging, say 12 to 18 incliea, and the outside belt, e, quite tight, 
^^m the working sides, of course, running close to each other, as shown 
^^B in the cut. This was in use »ome thirty years ago iu a fiictory near 
^^M this city." 

^^M Imparting and Arresting Motion. 
^^H 109- Mr. Thomas Shaw's dead-stroke power-hammer lUuBtratea 
^^M the application of the belt for giving to and takiog motion from a 
^^M shail at the pleasure of the operator (see Fig. 34). The same 
^^M devices can, however, by an easy transition, be applied to other 
^^H machines. 

^^M In this the driving pulley, carrying a loose belt, is on a line-shafl 
^^H over the driven flanged pulley, which latter is on a shaft at the top 
^^H of the hammer-frame. This shaft carries a crank-wheel actuating the 
^^B hammer, as shown, and is partly invested by a leather band for arrests 
^^H ing its motion. One end of this band is secured to a pin in the hammer- 
^^H frame under the crank-wheel ; tlie other end is fastened to the swinging 
^^B lever, to wliich also the tightener-pulley of the driving belt is applied. 
^^M The action of these belts is produced by opposite motions of the 
^^B lever ; thus, when the operator pushes It, the arresting-band releases 
^^M the crank-wheel, and the tightener- pulley presses upon the driving 
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, which, beiog conBtantly iu motion, applies its ai)he«ioa to the 

pulley on the crank-shaft and propels the hammer; and it does this 

I with a varying velocity, according to the pressure upon the tightener. 

"ffithdrawing the lever relaxes the driving belt and tightens the 




Fig. 34. 



arresting-band. These motions are under the easy control of the 
operator, and such is the nature and action of the belt in this appli- 
cation, that these motioDB can be repeated rapidly and effectively 
without destructive wear to any part of the machine. 
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Combined Fast and Loose Pulley for Round Belts, by John Shinn, 
of Philadelphia. 

110, The round belt,/, fits m a groove formed between two balf- 
piilleys, of which A' ia fixed and A slides upon a fixed key on the ehaft, 
B ; between A' and A, and running loosely on the shall, is a flat-faced 
pulley, C. When A ia separated from A' a short distance, the belt, 
/, will cease to turn them, and will run on and turn C instead. The 
belt drives the shaft, £, only when pinched between the halt-grooves 




Fig:. 3S. 



of A' and A. The lever, D, when moved in the direction indicated 
by the arrow, withdraws the half-sheave. A, and permits the belt to 
run on the loose pulley. Simple and efficient means for holding the 
parts together and drawing one half from the other are shown in 
the cuts. 

It is not proposed, of course, to drive very large and heavy ma- 
chinery with round belts, such as are required for this description 



I of sbiftiog pu 
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of sbiftiog pulleys ; but, a£ far as a round belt will go witb advan- 
tage, these pulleys will be fouod of the greatest service. Thus, the 
round belt cuts off less 
light, occupies less room, 
makes smaller holes in 
the floors, need^ ligliter 
driving pulleys to carry 
it andthussaves power 
while, as regards the 
drivmg power ot round 
bells, we have seen one 
of an inch diameter 
doing for years work 
which proved too much 
for a 7 inih flat belt 

Band Links 

111. Where ten 
aion alone and not 
thrust IS to act along 
a link it may be flex 
ible and taixy consist 
either of a single band 
or of au endless baud 
passing round a pair of pullejs which turn ronnd axes traversing 
and moving with the connected points For example in Fig 37 A 
IS the axis of a rotating shall B that of a crauk piu G the other 
connected point and B C the line of connection and the connec 
tion is efiected by means of an endless band passing around a pulley 
which is centred upon C, and round the crank-pin itself, which acts 
as another pulley. The pulleys are of course secondary pieces, and 
the motion of each of them belongs to the subject of aggregate 
combinations, being compounded of the motion which they have 
along with the line of connection, B C, and of their respective rota- 
tions relatively to that line as their line of centres ; but the motion 
of the points B and C is the same as if B C were a rigid link, pro- 
vided that forces act which keep the band always in a state of 
tension. 

" This combination is used in order to lessen the friction, as com- 
pared with that which takes place between a rigid link and a pair 
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of plus ; mid the band employed is often of leather, because d 
flexibility." — iiaiiyHiie's MUl Work, p. 213. 





thi 



Fig. 37. Fig. 38. 

motion lacks freedom, the treadle moving heavily. 



lu Fig. 38 we give a 
Bubatitute for Fig. 37, 
in which an ecceutrie, 
B, takes the place of 
the crank, allowing a 
straight shaft to be uaed. 
When the eccentricity 
of B equals the radius 
of the crank, the reault 
is the same, but experi- 
ment has proven, in the 
ease of the eccentric used 
in the treadle arrange- 
ment of the latter, that 



{ 



Weaver's Belting. 

112. The object of this arrangement is to obtain high speed in 
a shaft directly from a driving pulley without the aid of intermediate 
counter pulleys or gears, and with reduced lateral stress on the bear- 
ings of the driven shaft. 

A, B, and C, Fig. 39, show 3 shatla parallel to one another. A 
and C carry straight-&ced pulleys, upon which run 2 belts of equal 
length and width, separated to prevent contact with each other while 
running. The lower fold of belt, D, is carried over the shaft, B, and 
the upper fold of belt E is carried under B, and each, in running, 
imparts motion to the driven shaft in the same direction, and at the 
same time balancing the lateral pressure on its journals. 

A is the driving shaft with large pulley ; E the driven shaft of 
comparatively small diameter, and C, a counter shaft, with its pulley 
of any convenient diameter, is placed in position to carry and return 
the belts, and may be moved and secured to and from B by screw 
adjustment or otherwise, to secure proper tension of belts. 



Belt 88 a Friction Clutch. 

113, The belt offers a simple and efficient means of producing 
intermittent effects, as in that of ot>eratiDg stamps, when it is desira- 
ble to control by the hand the number of blows in a given time, aa 



METHODS OF TRAN81IIS8ION. 171 

veil as to vary the iotensity of the same at will. Arranged in this 
manoer it acts as a I'rictioa clutch. 
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Fig. 39. 

In Fig. 40, the shaft J, which may be the " m 
or a counter shaft, carries a flanged pulley, H, 
continuously revolving in the direction of the 
arrow. Over this pulley is thrown loosely a 
belt, D, one end of which is fastened to the 
stamping weight. A, at E, and the other end ia 
secured to the floor at F. 

The weight. A, is guided in the parallel up- 
rights, B B, and rests upon the base, C. As the 
apparatus stands, the weight A is not lifted, 
owing to slacknes-s of the belt, but by taking 
hold of the belt at G by the hand, and drawing 
it forcibly in a horizontal direction and at right 
angles to the shaft, a severe tension is created 
in the belt on the pulley, which latter lifts the 
weight at a velocity nearly equal to that of 
its rim. Relaxing the pull on G lessens the 
tension, when the weight falls freely back to the base. 




rig. 40. 
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It is evident that the aumber of blows struck may be repeated at 
will, and that the force of the blows, iu bo tar as they may be due to 
the height of the fall, may also be regulated by the duration of the 
lateral puil on the belt. 

Since the effect of the lateral pull on G is as G F + G H, and 
becomes less as it leaves the straight line joining H and F, it is 
important to make the distance H F aa great as may be convenient, 
and to keep the belt aa taut as can be without destructive friction on 
it at the pulley surface when not in use. 

For the lighter hand -stamping ogierations, this is a simple, cheap, 
and ready means of obtaining gravity eifeets on dies and moulds. 

Nine Dispositions of the Quarter-Twist Belt. 

The Shafts at Right Angles but not in the same Plane, the Belt 
Running on Two Pulleys. 

114, When two shafts are at or nearly at right angles with each 
other, and not in the same plane (Fig. 41), and it is desired to drive 
one from the other by two pulleys only and a connecting belt, expe- 
rience has proved that certain conditions are necessary. In the first 
place, the distance between the near faces of the pulleys must not be 
less than four times the width of the belt. The pulleys A and B 
should be so placed that the belt will lead from the face of one to 
the centre of the face of the other, that is, so that a plane pasnn^ 
through tlie centre of the face of one pulley wiU be tangent to that part 
of the face of the other from which the belt is running. 

The following diagram gives the position and proper proportions 
referred to: 
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The pulley A, from which the belt deflects, should have a wider 
face than B, iu the proportion of 10 to 6, aiid should be more round- 
ing OD the face than is usual, and the pulleys should be aa smalt as 
may be to do the work, and sbould be of nearly equal size. 

About 25 per cent, of belt coutaet is loat u'heu the belt makes a 
quarter-turn, eveu when the pulleys are of the same size. We have 
noticed in the performance of a leather belt that the first 90° of lap 
en the pulley lit closely as in the ordinary straight belt arrangement; 
the second 90°, about half the width of the belt is forced from 
contact with the pulley by the strain in the substance of the belt, due 
«biefly to its imperfect elasticity, and primarily to the oblique deflec- 
tion of the fold which is leaving the pulley. 

With a belt perfectly elastic the same amount of contact, if not 
more, can be obtained, as with the open belt, since the belt would 
adhere to the face of the pulley up to the line of departure the same 
in one case as iu the other. 



I A Quarter- Twist Belt. 

r lis. Mr. L. H. Berry, of 
the Atlantic Works, Philadel- 
phia, gives the particulars of a 
quarter-twist belt, arranged by 
him, and shown in Fig. 42, for 
driving a 54-inch circular saw, 
the periphery of which travels 
St the rate of 8400 Fpm, and 
the mandrel lying at right an- 
gles to the driving-shaft. 

" On the mandrel is a 12- inch 
pulley, and on the driving-shaft, 
which runs horizontally 8 feet 
above, is a wooden drum 24 
inches diameter, 8^ feet long, 
upon which the belt — a 10-inch 
ingle leather, travelling 
jl800 Fpm — traverses back and 
forth, following the reel pro cat- 

' ing movement of the saw man- 
drel. The forward movement 
of the saw when cutting is at 

J Fpm, and the retu: 



^^■^liea' 
^■iSO' 
^^Kfert 

drel 

^^K the rate of 
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"From some cause (centrifugal force, perhaps, or because the belt 
vaa new, and, therefore, uut as pliable as it would otherwise Lave 
been) the centre of the pulley had to be set 8 inches out of the path 
of the vertical line from the periphery of the drum. (See cut,)" 

The Shafts at Right Angles but not in the same Plane, 
the Belt Running on three Pulleys. Figs. 43 and 44. 

1XG> A is the driving pulley on a horizontal shaft ; B the driven 
pulley on a mill-spindle or upright shaft; C the tightener or guide 
pulley, which is placed at tlie proper angle for receiving the belt from 
B and delivering it to A. It has a short shaft running in beariogs 
secured to a frame which slides vertically in fixed grooves, and may 




Fig. 43. 

be raised to tighten the belt for driving, or lowered to slacken the 
belt for stopping, B, at pleasure. B is made wide and straight on the 
face to admit of motion in raising and lowering the stones, as well as 
to allow of lead of belt by the different positions of C, which are 
due to length and tightness of belt. 

A and C should be rounding on their faces. The cut shows the 
proper positions of the pulleys and shafts, and also gives good work- 




Fig. 44. 



ing proportions, the particulars having been obtained from machinery 
in use ; but the motion of the belt, as shown, should be reversed. 
The quarter-twist belt, with intermediate guide pulley, like Figs. 
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43 and 44, will permit of very short distance between the driving 
and driven ahaf'ts. A case in practice may be cited, iu which the 
driving pulley is 40 inches, the driven pulley 18 inche^i, and the 
guide pulley 16 inches iu ctianieter ; all of them are 8 inches face, 
and the eha^ are 4 feet 7 inches from centre to centre, vertically. 

This distance might be even leas without injury to the belt. In 
the erection of this arrangement it waa found necessary to set the 
fece of the driven pulley oue inch back of the centre of the face of 
the driving pulley, and to give the axis of the guide-pulley an incli- 
nation of 30° to the horiKont*! line. 

The Shafts at Right Angles but not in the same Plane, 
the Belt Running on four Pulleys. Fig. 45. 

117' Let Ebethednwnpshaft, 
with tight pulley, A, and loose pul- 
ley, B, and F the driven shait, with 
tight pulley, D, and louse pulley, 
C ; all the pulleys of same size and 
with rounded faces, in the usual wny. 

Let the pulleys be arranged in a 
square on the plan, whose side is 
the diameter of pulleys at centre 
of face, and let an endless belt be 
pat on, as shown, and run in the 
direction of the arrow. It will be 
noticed the loose pulleys, C and B, 
run in opposite directions from that 
of the shafts on which they turn ; 
but since they carry the slack fold 
of the belt, they are relieved of 
heavy strain on the shafts. This 
is a good plan for wide belts when 
the shafts are a proper distance 
apart — say 10 times the breadth 
of the belt — and solves the some- 
times difficult problem of carrying 
considerable power around a corner 
by a belt. There is no loss of con- 
tact of the belt on any of the pul- p. .g 
leys of this system, and no lateral 

lining and tearing of the fibres of the belt, as in the usual quarter- 
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twist arraDgemeot, in which ouly two pulleya are uaei. The lower 
shaft may drive the upper one, aa welt, by changing the direction of 
motion, or changing the relative positions of the tight and loose pulleys. 

The Shafts at Right Angles but not in the same Plane, 

the Belt Running on four Pulleys. Fig. 46. 

US' A is the driving pulley ou a horizontal main line-shaft ; 

B the driven pulley on a mill-apindle or upright ahaft; C a tightener 

on a shaft parallel to the main shaft, with bearings, in a frame, which, 

with the pulley, cau be raised or lowered when required to start or 




Fi^. 46. 

stop the pulley B ; D a guide pulley on a vertical shaft running in 
fixed bearings. The course of the belt is indicated by the arrows. 
This plan may be resorted to when the pulley A cannot be placed 
on the main shaft in a position to receive the belt directly from B, as 
in the case shown in Figa. 43 and 44. 

The Shafts may or may not be at Right Angles, must be in or 
near the same Plane, the Belt running on four or five Pulleys, 
Figs. 47, 48, and 49. 
119. Fig. 47 shows the usual method of transmitting power to 

shftftfi which are at or near right angles with the driver, and Figs. 
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however, would injure the belt more thaii by usiug both sidea of the 
same. 

Collars and O are placed over the pulleys B and C, and we have 
added the atatioiiary flanges J and J to the uprights under the pul- 
leys, introduced by Messrs. Wm. Sellers & Co., Philadelphia. This 
device, whether applied to vertical or horizontal pulleys, i» in every 




^^Sz 



Fig. 49. 

way superior to flanges fast to pulleys which tend to lift the edgea 
of the belts, and turn them over. On the ottier hand, when the belts 
strike stationary flanges, they are thrown back on the pulley faces 
again, except, perhaps, in the case of soft, flabby belts, which are 
liable to curl at the edges and roll up. 

The Shafts may be at any Angle with each other, may not be 
in the same Plane, the Pulleys may differ much in Diameter, 
and the Belt may be crossed. 
ISO' What cannot be done with the preceding methods of 

arranging the quarter-twist belt, may be done by the guide pulley 
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devices shown iu Fig. 50, in which the vertical cylindrical staff. A, 
is secured to a flaDge, J, and held by a brace, O, to au over-head 
timber, H, or other hxture. 




Fig. 50. 



Upon this stiifi' are placed two hubs, F, heid by set screws in any 
position, and each formed with a flat face, to which a flanged bracket, 
C, is bolt«d. 

The upper bolt, D, ia utilized as an axis about which the bracket 
can turn, and the lower bolt, E, in a slot permita the turning and 
holds the bracket at the inclination required by the belt. 

In the centre of each flange, C, ia secured a pio, I, upon which the 
pulleye, B, turn. 

The facility with which these pulleys may have their axes inclined 
to accommodate the angle of a belt passing from a smaller to a larger 
pulley, from a higher to a lower shaft, and crossing to the opposite 
faces of pulleys, favors the employment of this combination, which 
has an all but universal adjustment, in many places where the pre- 
viously described arrangements will not serve at all. 

The writer, early in February, 1871, was required to manage a 
case of belting two shafls, set at right angles, one above the other, 
having pulleys of different diameters which were to run in opposite 
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directioDH, and all of them lying close to one another. This was dis- 
posed of Buccessfullf by the use of mechanism, exactly like that 
shown in Fig. 50, and this, with that shown in Fig. 47, are existing 
methods employed at the People's Works, Philadelphia, for belt 
driving around corners and in confined places. * 

Holes for Quarter-turn Belts. 
1.21i Draw on a level floor, with chalk line and tram, two full- 
size views of the pulleys and position of the floor through which 
belts are to pass, or lay them down on paper to a convenient scale : 
observing that, that fold of the belt vihieh leaves the face of ons pulley 
mitd e^^oaek the centre of the face of the other in a line at right angka 
to the axU of the latter. Completing 
the flgures as shown in Fig. 61, the 
points of intersection ah c and d will 
indicate the places in the floor, E P, 
where the centres of both folds of the 
belt will pass when drawn tightly and 
at rest. The obliquity of the opening 
can best be obtained by trial of tape 
line or narrow belt applied to the pulley 
faces in position, passing through small 
trial holes in the floor. Allowance in 
°' ' the hole should be made for the sag of 

Black fold of belt. This is the usual safe and practical shop method. 

Belt (br Cooling Shaft Journals. 

122^ A very ingenious as well as simple method of cooling a 
journal, consists in placing an endless belt of loose water-absorbing 
texture on the shaft, as near the heated part as may be, and allowing 
the lower bight to run in cold water, which may be held in a vessel 
at a convenient distance below the shaft. 

Continuous contact of the liquid band carries away the heat of 
friction as it is produced, without spilling or splattering of water on 
and about the machinery, and without contact of the lubricant ia 
the journal boxes. 

We have seen this method successfully applied to the shafts of the 
rolls of calico printing-presses. 

* Two nhaflB at any angle with each other may be effeclivelj driven by two 
belts, each having less than an 4 twiat and each rtinning on two pnlleyB, by 
placing a counter-Bhaft above or below and across llie main linea at or near 
eqaa] Hng\ee to the main line BhaftB. 
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CHAPTER III. 



I, ADHESWES. AND FASTENINGS FOR BEI/TS. 
Cement for Cloth or Leather. Molesworth. 
melted together 



16 gutta-peruba, cut small. 
4 India-rubber, " 
2 pitcb, " 

1 sbellac, " 

2 liuaeed oil, " 



well mixed. 



Wafer-proof Cement for Cloth or Belting. Chaae. 

12^- " Take ale, 1 pt. ; best Russia isiuglasa, 2 oz. ; put them 
ioto a commoD glue kettle, and boil until the ixinglasa is dissolved ; 
then add 4 oz. of the l)est common glue, and dissolve it with the 
other; then slowly add 1^ oz. of boiled linseed oil, stirring all the 
tame while adding and until well mixed. When cold it will resem- 
ble India-rubber. When you wish to use this, dissolve what you 
need in a suitable quantity of ale to have the consistence of thick 
glue. If for leather, shave off as if for sewing, apply the cement 
with a brush while hot, laying a weight on to keep each joint firmly 
for 6 to 10 hours, or over night." 

Elastio Varnish. Smithsonian Report. 

133' " 2 pts. rosin, or dammar-resin, and 1 pt. caoutchouc are 
fused together, and stirred until cold. To add to tlie elasticity, lin- 
seed oil is added. Another varnish for leather is made by putting 
pieces of caoutchouc in naphtha until softened iuto a jelly, adding it 
equal weight of heated linseed oil, aud stirred for some time 
ither while over the fire," 



Kjet 



To Render Leather Water-proof. Mackenzie. 
126- " This is done by rubbing or brushing into the leather a 
mixture of drying oils, and any of the oxides of lead, copper, or iron, 
or by substituting any of the gummy resins in the room of the metal- 
lic 
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Water-proof Glue. MaoKenzie. 
127 1 "Fine slireds of ludia-rubber dissolved in warm copal var- 
uish make a water-proof cement for wood and leather." 

Another. 

Glue, 12 oz. ; water aniEcient to dissolve it; aid 3 oz. of rosin, melt 
them together, and add 4 parts of turpentine or beuziue. Mix iu a 
carpeater's glue-pot to prevent burning. 

To Preserve Leather from Mould. MacKenzie. 

128. " Pyroligneous acid may be used with success in preserviog 
leather from tlie attacks of mould, and ia serviceable in recovering it, 
after it has received that species of damage, by passing it over the 
surface of the hide or skin, first taking due care to expunge the 
mouldy spots by the application of a dry cloth." 

Castor-Oil as a Dressing 1br Leather, MacKenzie. 

129. "Castor-oil, besides being an excellent dressing for leather, 
renders it vermin-proof. It should be mixed, say lialf and half, with 
tallow or other oil. Neither rata, roaches, nor other vermiu will 
attack leather so prepared." 

Adhesive. 

130. A good adhesive for leather belts is printer's ink. I have 
the case of a 6-inch belt running dry and sraootli and slippiug, which 
latter was entirely prevented for a year by one application of tbe 
above. 

To Fasten Leather to Metal. 

131. "A. M. Fuchs, of Bairere, says that in order to make 
leather adhere closely to metal, he uses the following method: The 
leather is steeped iu an infusion of gall nuts ; a layer of hot glue is 
spread upon the metal, and the leather forcibly applied to it on the 
fleshy side. It must be suffered to dry under tbe same pressure. By 
these means the adhesion of the leather will resist moisture, and may 
be torn sooner than be separated from the metal." — Atkeneeuvi, 

Dressing for Leather Belts. 

132. " One part of beef kidney tallow and two parts of castor- 
oil, well mixed and applied warm. 

" It will be well to moisten the belt before applying it. No rats 
or other vermin will touch a belt after one application of the oiL It 
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lakes the belt soft, &nd has sufficient gum in it to give a good adhe- 
sive surfac« to hold well without being sticky. 

A belt with a given tension will drive 34 per cent, more with the 
hair aide to the pulley thau the flesh side." — >'. IK. Bacon, N. Y. 

Cement, 

133, "A cement for joining pieces of lea tlier, one which repeated 
teals have shown to be very efficient, may be made by dissolving in 
a misture often parts of bisulphide of carbon and one part of oil of 
turpentine, enough gutta-percha to thicken the compositioD. The 
leather must be freed from grease by placing on it a cloth, and press- 
iug the latter with a hot iron. It is important that the pieces 
cemented be pressed together uutil the cement is dry." 

Water-ppoof Cement for Belting. Moore, 

134. "Dissolve gutta-percha in bisulphide of carbon to the 
consistence of molasses; warm the prepared parts and unite by 
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the power of rubber belting, use red lead, French 
yellow, and litharge, equal parts ; mix with boiled linseed oil and 
japan sufficient to make it dry quick. This will produce a highly 
polished aurtace." 

Fastenings, Etc. 

135, From various authorities we have many ways of securing 
and treating belts. "Down East" we find shoe-pegs used for joining 
the ends, which, being scarfed, glued, and pressed together forcibly, 
have the pegs dipped in glue and driven in, and when dry pared otf 
smoothly. Such joints are warranted to stand as long as the belt, 
hat will not resist water unless joined by water-proof glue. 

Dried eel-skin lacings, slit lengthwise of the animal, are recom- 
ided for their ever enduring qualities, but these were known long 
ago ou the other side of the Atlantic. (See Arts. 39 and 67.) 

A simple adhesive for rubber belts is made by sticking powdered 
chalk, which has been evenly sprinkled over, to the surface of the 
belt by cold tallow or boiled linseed oil. 

Oil can be taken out of belts without injury to the leather by sev- 
eral applications of 4 F. aqua aiiimoiiia. 

Wilson's Belt-Hooks. 

[ 136. We are indebted to Crane Bros, for description and illus- 
" " e present in Fig. 52. 
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So. 1. — The teeth go through the belt and clinch. To be used 

only on belts running at very high speed over small pulleys, and in 
making up belts, instead of lapping, glueing, und pegging. 

So. 2. — Is the only belt-hook in the market that can be used 
repeatedly and successfully more than once. A hammer is all that 
is required to secure them to belts. Lay the hook down on some- 
thing solid, with the teeth up, and dnve tlie bell down light to the plate- 
None of the belt is cut away by punching holes. The strain comes 
in fifieen places instead of three, as with lacings. Belts can be mended 
in J the time required for any other hook or lacing. They will last 
longer than a dozen lacings. They are the only good fastening for 
rubber or paper belts. 



I 





Fig. 63. 

Thdse hooks have been thoroughly tried for three years in all 
places — in machine-shops, cotton, woollen and paper mills — and all 
who use them admit that they are the 6e^( and cheapest fastening in 
use, taking into account the durabilUy of the hooks, wear and tear, 
and time in mending belts. 



Blake's Patent Belt-Studs. 
137. This approved device for fastening rubber and leather 
belting was patented April, 1860, and March, 1861, and re-issued 
August, 1868, shown in Pigs. 53 and 54. Messrs. Greene, Tweed & 
Co., 10 Park Place, New York, have the sole right to make and sell 
this invention, and during the last four years have supplied the studs 
to over 10,000 mauulacturiug concerns in the United States. 
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FThey are recommended to be better and cheaper than either lacing 
or books. When tbe above-mentioned studs for festening the ends 
of belte were tested on a 6-incb 4-ply rubber belt, the following result 
8 obtained : 

Belt-books tore out under a strain of . . 800 lbs. 
LaciDg " "... 1690 ■' 

Blake's studs beld up to " ... 4600 " 

Where lacing or other methods of fastening are used, requiring 
punched holes, which weaken the material of the belt, the whole 
strain transmitted by the belt must be carried by a width section of 
the belt less by tbe sum of the diameters of the holes, which, in usual 
practice, is about J the width of the belt ; whereas, by tbe use of 
patent studs, no punched holes are made, the material of the belt is 
not reduced, and nearly tbe whole section Is available for strain, the 
Btud being of such a form and inserted in such a manner as to grip 
nearly its entire width. 

Belts fastened by studs are half size. 

running now nearly four years 
without repair. The ends of 
the belts are kept close together, 
and the studs do not touch the 
pulleys. 



illin 



Fig. 53. 



When bolts have become too 
rotten to hold lacings, they can be 
fastened with these studs, which will hold until tbe belts are completely 
worn out. For damp places these studs niaki? n ^-c-fuw IK.-ii'niiig. 

In fastening belts by these 
studs, the slit in a leather belt ! 
should be a j inch, and in a 
rubber bell | inch from tht: ; 
ends, and the studs inserted :', ^ 
inch apart. 

The cuts above give the form . 
of tbe studs, the sizes made, and 
their position in the joint 

The smallest size is used for sewing-machine belts and the like, the 
aext size, say, for 2-inch belts, and the largest for 4 aud 5-ply rubber 
and double leather belts. 

Champion Belt-Hook. 
Fig. 55 will convey a correct idea of the manner of adjust- 
vill be observed that the substantial double bear- 
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ing of each hook precludes the possibility of its " tearing out." 
SliorteiiiDg or taking up slack in belts is only the work of a motneot 
when this hook is used. It is conceded that no belt fastening is 
equal to this for strength. It is less expensive than the Blake stud or 
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Fig. 55. 

than lace leather; and, although it coats more than the "C" hook, it is 
in the end cheaper, because it retains its original shape in the belt, and 
the same hook cau be used over and over again. It can be adjusted 
with greater ease and in much less time than any other belt fastening. 

Machine riveted Strapping 

i39. Peter McInto--li &. Sons Glasgow call attention to their 

raacliine-riveted strapping, 

riveted with copper or iron 

P „ wire This new joining ia 

highly recommeuded, being 

much stronger than hand sewn and speciallj adapted for double 

strapping 

The LmDolne Belt Fastener 
140' The disadvantages such as insufficient strength and loss 
ot time attending the usual modes of fastening belts by means of 
sowing or of leather laces are well known What worker in a 
mechanical workshop lias not had to do with the comparatively 
tedious operationi ot lacin^ a belt? Several mechanical belt-fast- 
eners are now in use One of the newest and most ingenious forms, 
affording a verv strong and >et light joint b^ very simple means, is 
that which we now illustrate It is a Canadian invention, and we 
understand that though ot very recent introduction, it is making 
rapid head«av both in England and abroad The fastener consista 
of two pieces of tough curved plate (Figs 57 and 58], tinned, to pre- 
The buckle proper is curved as shown, 
idth transversely 
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1 the width of the helt 




Fig8, 57, 58, 
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the length of the belt beiDg rather le^ 
itself. The ends of the belt are pierced 
with an awl, or a special tool for thu 
purpose, from the inside, in a some- 
what slanting direction, and the points 
of the teeth are inserted in these holes 
through the whole of the belt, so us to 
project at the opposite side to that nt 
which they are inserted. The plate- 
cover or clasp proper is then slijiped 
over the projecting teeth, of course tying them securely fast, and 
making the complete buckle. With very wide belts several such 
buckles are applied. Such a joint is clearly as applicable to India- 
mbber, gutta-percha, or woollen belts as to those of leather," — IVie 

igineer, Jan. &7, 1870. 

Connecting the Ends of Belts. 

1^1, " Two or more oval slots, A A, Fig. 59, are made near one 

id of the belt to be joined, and in tlie other end of the same belt 

D-shaped slots, B B, are made, the materia! being cut through from 

the middle of the straight 

aide of the D by an inci- 

«ou parallel to the length 

the belt, thus dividing 

end into T-shaped 

parte. 

The ends of the belt 

scarfed, so that when 

«Dgaged they will lie 

losely to the body of the 

belt 

In connecting the 
ends of the belt, the T- 
shaped parts are twisted '^' "' 

quarter-way round and passed through the oviil slots in the other end, 
and then straightened up again, thus lockiug the ends without the 
aid of laces, metal clips, or buckles." — Howarth, Mech. Mag., Iiondon, 

xciv.,p.-- 

Directions for Lacing Paper Belting. 

J^^. " For narrow belts butt the two ends together, make two 
ws of holes in each end (thus obtaining a double hold), and lace 
'ith lacing leather, j 





shown i] 
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"For wide belts, where extra strength 




Fig. 60. 



i required, rivet pieee'i 
equal in length to width 
of belt OQ back of each 
end, and make the con- 
Bection with lacing, aa 
before. Thia belting 
ehuuld, in all cases, be 
put on by the use of 
clamps, secured firmly 
to each end of the belt, 
and drawn together by 



holta running parallel with and outaide the edge of the belt, making 
no allowance for stretch. 

" Wide belts, in dry places, can beet be connected with Wilson's 
belt hooks, riveting down the teeth, thus making a coDuectiou that 
will uot wear out." 

Patent Belt Fastenings. 

143, The Messrs. J. B. Hoyt & Co., present a patent belt fasten- 
ing in the form of a double-shanked rivet with a link or elongated 
washer, having a perforation at each end for receiving the end of 
each rivet. 

These rivets are used for making butt as well as lap joints in belts; 
in either case the belt ia punched as for lacing, with holes equidistant 
from the joint. The perforation, of course, being of such size and 
distance asunder as to just allow the double rivet to pass tightly in 
when the whole ia secured by laying on the link washer and ham- 
mering the ends of the rivets into the countersunk holes of the latter, 
care being taken to imbed both head and washer in the substance 
of the belt, flush with the surfaces, in order that they may not wear 
by contact with pulleys. 

They also have the exclusive right to use a patent "rivet and 
burr." This improvement consists of a conically formed head to 
the rivet, which gives greater strength of attachment thereto. The 
burr has a form similar to that of the head, and has in addition a 
central hole countersunk on top for receiving the spread of metal of 
rivet end when hammered into it. Thia is the beat form of rivet that 
can be made, as it gives the greatest strength and durability to all 
the parts, and is easily sunk into the substance of the belt to a level 
with its surface. 

They recommeud for round belta a grooved pulley in which the 
section of groove shall be neither triangular nor semicircular, but 
rather that of a spherical triangle or gothic arch. 
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This form undQubledlj. ^vea greater belt contact than any other 
with a given amount of teDeioa on belt. 

They alao urge the importance of covering pulleys with leather, 
" 50 per cent, more work can be done by niachlnes without belts 
slipping if so covered." " The covering of pulleys with leather, iu 
many eetabliehments where there is a deficiency of power, would 
produce such an improvement as to astonish thoee not acquainted 
with its value." 

" Large pullep and drunts may be covered by narrow atripa of 
leather, wound around spirally, but narrow pulleys should be covered 
by leather of same width as pulley face." 

"Our pulley covering is cut into strips of required width cemented 
and made of even thickness, by a machine, then wouud in coils like 
belting." 

Good Method) of Lacing. 

144. The usual way of joining the ends of a belt — that is, by 
means of the leather thong — is the best after all, because it is the 
most convenient ; the thong being an article more readily obtained 
and applied than any other of the numerous and ingenious means 
devised for securing the ends of a belt. 

In the use of thongs, it is the practice of some engineeiB to cross 
them in lacing on both sides of a belt ; with others, to cross them on 
the outside only, laying the double strands evenly on each other in 
the line of motion and on the pulley side of the belt, which experi- 
ence proves to be the better way. 

We present, in Fig. 61, a plan, altered from the original, in which 
the two ends, a a. of the thong are tied Jn 
the middle of the belt, as we do not consider 
any laced joint safe with the tie at the edge. 
It will be observed that there is no crossing 
of the lace at all, and that the holes are iu 
two rows fore and aft, or " staggered," as we 
Bay, which favors the strength of the belt. 
This &stening may be a little more tedious 
to make, and may require rather more con- 
trivance on the part of the party lacing, yet 
it is one of the beat in existence. 

The credit of producing this excellent joining is due to Mr. Wil- 
liam Annan, of Morrison, 111., and of proposing to put the tie in the 
Liniddle to the Eds. o[ Stdeiitijic Amer., In Jan., '66. 




Fig. 61. 







Raw-Hide Belt. 
Id5- Mr. Jno. MasoD, of Bulkley, Barbadoes, presents a novelty 
in the way of belting that he has been using for driving centrifugal 
machines for the past 2 years. He saya : " I found leather belting 
gave 80 much trouble and was so expensive that I woa induced to try 
a belt made of raw eow's hide, simply dried iu the suu, cut perfectly 
straight, and the joints carefully stitched (square and even) with 
common saddler's hemp, I find in practice that a belt of this descrip- 
tion will last longer than if made of leather, besides being only 1 the 
coat, I am driving a line of 3-inch shafting with an 8-inch belt of 
this description with every satisfaction. They are now used here for 
driving Weston's centrifugals, as well as those of Manlove and 
Elliott. I make them 2J inches broad for driving the latter." — Engi- 
neering, June 19, 187 Jf, 

Sheet- Iron Belt. 

7404 Mr. John Spiers, of Worcester, Massachusetts , pvea us an ' 
account of a sheet-iron belt : 

" A lathe used for turning rolling-mill rolls, compound geared, has 
a 48-inch pulley on it; this ia driven by an 18-inch pulley on the 
counter-shaft, which makes 120 Rpm, and is 8 feet from the 48-inch 
pulley, measured from centre to centre. Both pulleys of 
smoothly turned on faces. 

"A 7-inch double leather belt was used on these pulleys, but 
would slip when the turning-tool became dull. This belt was 
replaced by one made of Russia sheetriron, same as used for stove- 
pipes and parlor-stoves, and was riveted together in the ordinary 
way ; it was 7 inches wide, and was 2 inches longer than the leather 
belt This extra length made up for a want of elasticity in the 
iron. 

" During one year's steady run this iron belt could not be slipped, 
even when a heavy ' cut ' on a 25-ineh roll was taken, which broke a 
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'Banderson' steel tool having a eectlon of 2 z 2J iDchea, a cutting 
surface of 2^ iiicbes, a feed of g inch per revolution, and an overhang 
of 4 inches." 

Alexander Brothers' Improvement in Wide Leather Belting. 
Patented June 15, 1875. 

147' We reapectfully ask attention to the following description 
of a patented improvement in the manufacture of wide leather 
belting shown fully in Fig. 62: 




Fig. 62, 

The term hide, used in this description, means — -the skin of the 
animal tanned whole, the back being in the centre, lengthwise. 

The term side, means — one of the halves of the hide, made by cut- 
ting down the middle of the back. 

The ordinary method of making wide two or more ply belts, as 
[ diown in cross-section by Fig. 2, is stripping pieces of the width 
F required from the centres of hides, splicing the ends, and on this one 
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ply building up layer afler layer, bb many as required, breaki^ 
joiiitit with each layer, lengthwise of the belt ; the width of each 
layer being, of course, one piece. This brings the back centre 
(marked B. G, in the cuts), or firmest part of the leather, imme- 
diately in the centre of the belt, tbe edges being oompoBed of 
leather I'rom the side portions of the hide (S. £.), which is yielding 
in comparison with tbe middle. The aboye construction bas three 
disadvantages : 

1st. All pulleys being more or less convex on their &cee, the 
middle of the belt being firm and not conforming to this convexity, 
and tbe edges of comparatively loose fibre, tbe consequence is that 
the edges of the belt will not bind down to the edges of the pulley, 
and, after running a short time, will stretch more, owing to their 
loose fibre and the absence of that lateral support which tbe central 
portions have, Thus only a part of the width of the belt is effective, 
thereby transmittiug much less power than if all the surface contact 
was fully available. 

2d, Tlio ceutre or tight portion of the belt bearing the greater part 
of the strain, and the other parts not relieving it, will consequently 
give out proportionately quicker than if the strain was equalized. 

3d. Along the portion of the bide over the back-hooe fiitl or 
humpy places are often found, caused by the shape of the auimal, and, 
this part of the leather being more or less hard and stubborn, it is 
ditticult and often impossible, in the whole hide, to work them perfectly 
flat ; and, after being made into belting, they present to view an uneveo 
surface all along tbe centre of tbe belt, which will never lay down Sal 
to tbe pulley, thus preventing other parts from touching, and a cor- 
responding decrease in surface contact, even though the edges vere 
supposed to bear. 

We overcome the above disadvantages by the following construe- 
tioi\: 

lu making wide double belts we cut the hides along the middle, 
turn the back edges (B. K.) outward, and the side edges (S. £.) 
inward, inserting a side ceutre i^S. C.) piece, so as to break jointa 
wiilthwise, as shown in Pig. 3, fig. 1 being a perspective Tiew of ikn 
same. 

In three-plv belts the same method is carried out as slioina in 
Fig. 4. 

l^ere are varices other amngements of the pieces which can be 
<l»ed Mlvautagsou«y io certain cases. 

"nte disadvantages of tbe ordinary method heretofore e 
an OTereone as fellows : 
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Ist. The edge portions of the belt being of firm, solid, and un- 
yielding leather, and the middle portions of leather of looser fibre 
and more yielding texture, it is evident that, afler running a abort 
time, the middle will give to the higher part of the pulley, and the 
edges will not only bind down, but will also afford that lateral sup- 
port which will prevent the middle stretching as much as it otherwise 
would, and thus giving au even bearing the whole breadth of the belt, 
and consequently the greatest amount of pulley contact. 

2il. When the middle of the belt becomes stretched, and allows 
the edge portions to bed themselves down to the pulley, the working 
strain will be distributed over the entire width, thus preventing wear 
on any one part alone. 

3d. Cutting down the middle of the hide enables the currier to 
work out any uueven or full places, the surplus being cut away in 
straightening. 

For belts of 16 to 48 inches, or wider, no other plan of making, 
or material other than solid oak leather, can approach, for effective- 
ness and durability, the arrangement described and iUustrated above. 



148. 



Vulcanized Rubber Belts. 
We are indebted to Mr. D. P. Dieterich, Esq., 



^^^ Chestnut street, Philadelphia, agent for the New York Belting and 
^^^L Packing Company, the oldest and largest manufacturing firm in the 
^^^1 United States of vulcanized rubber tabrics adapted to mechanical 
^^^^ purposes, for the following valuable collection of facts aud statemeuta 
I concerning rubber belts : 

I "This belting is made of heavy cotton duck, weighing 2 lbs. per 

I yard, woven expressly for the purpose, and ia vulcanized between 

'Veps of a patent metallic alloy, by which process the stretch ia 

^tit-elj taken out, the eurlace made perfectly smooth, and the sub- 

^'ice thoroughly and evenly vulcanized. 

' The superiority of this belting over the best leather belts 
** lieen proved hy a trial of more than 10 years. It is raanufac- 
ure^ by a process peculiar to this company, by which unusual 
'■'Ti Hess and solidity are obtained, thereby obviating some objections 
^•"^^"fcofore ui^ed against India-rubber belting made in the old way. 

'Xhia, together with the fact that other great improvements have 
^^** made in its quality, warrants us in asserting that it is superior 
"^ ^_^^Bther, or anything else, for all open belts, particularly heavy or 
^'^In belts, for the following reasons : It has a perfectly smooth and 
We-n surface. It seldom, and scarcely ever, requires tightening more 
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than once. It will always ruD straight and with perfect beanng on. 

the pulleys, by which we believe that a power of 20 per ceot. ia 
gaioed over the best leather belts. It will stand heat of 300° Fahr. 
without being affected, and the severest cold will not stiffen it or 
diminish its pliability. It is much stronger than leather and far 
more durable. It can constantly be run in wet places or exposed to 
the weather without injury. 

"From information which we have personally collected on the 
subject of vulcanized India-rubber belting, it appears to us that this 
material is yet designed to effect an economic revolution in driving 
machinery. 

" In the extensive establishment of Burr & Co., Cliff street, New 
York, where the manufacture of hat bodies is carried on, and where 
an immense amount of belting is used, it has taken the place c 
in nearly all work. We instance this case because the machinery in 
this manufactory is such as to afford a signal test of the quality of 
belting. One long India-rubber belt, 8 ply and 36 inches 
employed to transmit the power from a fly-wheel of 2 horizontal 
Hteara-eugines of 100 horse-power each. 

" The fan-blowers of the ' forming machines/ and those for teasing ' 
and cleansing the fur, are driven at the high velocities of from 3000 
to 3500 Rpm. This speed wore out the best leather belts faster than 
those of India-rubber, which have supplanted them. 

"India-rubber belting has been for some time used for driving the 
presses on which the Scientific American is printed, and has proved 
superior in every respect to the leather belts previously employed. 
It also possesses the qualities of running unaffected under exposure 
to water, to the open air, and even to a temperature above the boiling 
point. 

"A 5-ply India-rubber belt, 12 inches wide, as now manufactured, 
is considered equal to a double leather belt of the same width, aad 
can be furnished at ^5o "f ^^^ price of the latter. 

"The new variety of India-rubber belting to which we have referred 
is manufactured by the New York Belting and Packing Company at 
Newtown, Conn- 

"The cotton duck which gives the peculiar uniform and non-elastie 
character to such material is woven especially for this purpose, with 
the warp much stronger than the filling, and cut by machinery into 
strips of a perfectly regular width. Single strips of this duck will 
bear a tensile strain of 200 lbs. to the inch of widtii." 
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Experiments with Belting. 
["The comparative adhesion of vulcanized gum and leather belts 
} the surfaces of pulleys is a question of great interest to manu&o 
turers, and in order to satisfactorily decide it, Mr. J. H, Cheever, of 
the New York Belting and Packing Co., made a eeriea of experi- 
nienlB, the results of which are here given : 

"The apparatus consisted of 3 equal size iron pulleys, with faces 
turned in the usual way and secured to a horizontal shaft, also fixed. 
One of these pulleys was used without covering, oue was covered 
with leather, and oue with vulcanized gum. 

" In the first set of experiments a leather belt ivaa used of good 
quality, 3 inches wide and 7 feet long, with 32 llw. weight attached 
to each end, and the belt thus prepared was laid on the iron face 
pulley. Additional weights were then attached to one end of the 
belt until it began to slip, which was in this case found to be 48 lbs. 
" When this weighted belt was placed on the leather-covered pulley 
it required a weight of 64 lbs. to slip it, and when on the vulcanized 
gura-covered pulley it required 128 lbs. to slip it. 

"In the second set of experiraeuts, a 3-ply vulcanized gum belt of 
the same width, length, and thickness was used, and to each end was 
attached the same weight as in the otlier case. 

"To cause this belt to slip on the iron face pulley required 90 lbs. 
additional weight, on the leather-covered pulley 128 lbs., and on the 
vulcanized gum-covered pulley 183 lbs. 

"In the third set of ejcperiuieuts, the shaft, with all the pulleys 
"ecured thereto, was permitted to turn freely in its bearings. One 
eod of the belt was fastened to the frame work of the apparatus, and 
to the other end was attached a weight of 32 lbs. as before. 

"A rope was wound several times around oue of the pulleys, with 
one end made fast to the rim, and the other allowed to hang freely 
downward; to this end weights were attached sufficient to produce 
foUition of the shaft. 

"The results were the same, requiring in efiect the same amount 
of Weight on the end of the rope to rotate the pulleys under the belt 
*s It did on one end of the belt to slip the belt over the pulleys." 

How to Use Vulcanized Rubber Machine Belting. 

"Belts should be cut j\-inch shorter for every foot of length 
fe^uired. After running, say, for 3 weeks, take up the slack and 
"ley will never again require shortening. 

" To fasten the ends of narrow belts, make 2 rows of holes in each. 
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butt the ends together and unite by strips of lacing leather ii 
usual way with leather belts. 

" To secure the ends of wide belta, lap the joint evenly on the out- 
aide with a piece of square gum or leather, equal in width to the 
belt, and rivet, aew or lace the same firmly to each end of the belt. 

"If belts should slip from dust or other causes, they should be 
slightly moistened on the pulley side with boiled linseed-oil, making 
several applications if necessary. Animal oils mud never be need, and 
belts should be protected, while running, from contact with such oils. 

"Should the rubber, from long use, or other cause, ba worn from 
the surface of the belt, give it a coat or two of lead paint, containing 
sufficient Japan to dry it quickly. 

"For belts which are shifted, put rolls on the shifter bars with 
axes inclined towards each other at top aud bottom, according to cir- 
cumstances, which has the efiTect to press the faces of the belts aud 
relieve the edges from wear. By this plan belts are more easily 
shifted than by the usual method, aud the liability to injure the 
edges entirely prevented. Use large headed bolts or rivets for secur- 
ing elevator buckets." 

General Statements. 

" The more nearly horizontal a belt can be applied, the better will 
the weight of the belt produce a sufficient and uniform friction ; and 
a long belt is better than a short one, inasmuch as the wdght aud 
' sag' and consequently the friction, are greater. 

" To avoid kinks and crooks in the belts, the ends where joined 
should he cut exactly square across the centre line of the belt. 

"The pulleys should be perfectly smooth, and the shafts carrying 
the pulleys perfectly 'in line,' parallel to each other, and in the same 
plane. 

"Leooard, in his 'Mechanical Prineipia' assumes the ordinary 
velocity of belts to be 25 to 30 feet per second, and gives a table 
which may be fully represented by the following r 



- horse-power transmitted. 

- width of belt in inches. 

- diameter of smaller pulley i\ 
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" Where belts are Dot to be exposed to aaturation of Emimal oil, or 
to frequent abrafiioD,a combiuatioD of rubber and canvas has proved 
to be fully equal if not superior to leather, anil is much cheaper. 
For large belts rubber is preferable, because the belt, wliatever its 
length or width, is one — not pieces joined by mechaoioal meaus or 
connected temporarily — but solid, and, to all intents and purjioses, 
one continuous fabric. 

"For purposes where unusual strength la required — equivalent to 
double leather — 5 and ' 6-ply ' belts are made. Endless belts of any 
width or length are made to order, costing, in addition to cost of 
belt, the price of 3 feet of the belt .joined, for joining. Fur belts less 
than 6 inches wide, the 3-ply is suificiently strong, uulees the work is 
unusually heavy. Belts wider than € inches should not be less than 
4-ply, unless the work is light. 

"Wherever double leather belts of 14 inches wide and upward 
have been used, we recommend our 5 and 6-ply belts, and will war- 
rant them to do more work at about one-half the cost, 

" As an evidence of the capacity of this establishment, we refer to 
the ' Champion ' belt, the largest belt ever made of either leather or 
rubber. It is 4 feet wide, 320 feet long, and weighs 3,600 lbs. 

" This company is prepared to make any width of belt not exceed- 
ing 50 inches. 

"The 3-ply vulcanized gum belt weighs 1^ lbs. to the square foot, 
I the 4-ply weighs 2 lbs. Thicknesses as follows : 2-ply, ^g-inch ; 3-ply, 
I 1^-inch ; 4-ply, T^g-inch ; 5-ply, -^ij-inch ; 6-ply, ^'''g-iuch." 

Edge-laid Belt. 

J49. "A better plan of making a broad belt, than the usual 

I American double leather belting sewn together, is made with the 

[ greatest ease, of any thickness or width, perfectly equal in texture 

' tfaroughout, and alike ou both sides. It is made by cutting up the 

hides into strips of the width of the intended thickness of the belt, 

and setting them on edge. These strips have holes punched through 

them about ^ of an inch diameter, and one inch apart. Nails made 

of round wire, clinched up at one end for a head, and flattened at 

} the other, are used for fastening the leather strips together. 

"Each nail is half the width of the intended belt, and after the 
strips are all built upon the nails, the ends of the latter are turned 
down and driven into the leather, thus making a firm strap without 
any kind of cement or splicings. When the strap is required to be 
tightened, it is only necessary to take it asunder at the step li 




i 



splice, cut off from one end of the strap at each step what U required, 
and piece up again with wire nails or laces, going eutireljr through 
the strap. 




Pig. 63. 



" In Fig. 63, A represents one of the nails used in this form of belt 
ing, B B the belt in perspective, with the part C C cut half way to 
show the dispoaitioa of the nails, and D D the step lines of the 
splice." — -E. Leigh, 

Paper Belting. 

ISO' The Messrs. Crane Bros., of Westfield, Mass., who manu- 
facture Crane's Patent Paper Belting, have kindly communicated 
the following facts concerning their new fabrics for driving belts ; 
— "Our belts are manufactured from pure linen stock, and can 
be made of any desired thickness, width, and length. We guar- 
antee equal driving power from equal surface, as from leather or 
gum, and we recommend them only for straight and unshifted belfa, 
making none less than 5 inches wide. They will not stretch nor 
chauge shape, aud being made all in one piece, of even thickness, 
will run smoothly and straight. We have proved them equal in 
durability with leather, and equal also in strength, where they have 
been arranged for one to pull against the other. They adhere to 
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ihe pulleys very closely, and geoerate no electricity while ruiiniug. 
They are quite flexible, and do not crack in passing over pulleys 
even as small as 6 inches in diameter. They are not affected by 
heat at ordinary temperatures, nor by dust or oil, but will not run 
in water. Being very tough, they would answer a good purpose 
for elevator belta, holding the bolts well and ruuniug in a direct 
. line without swinging from side to side. 

"Compounds similar to those used for stuffing leather belts, or 
: lead, mised with sperm oil, are very good to apply to our 
dtd, when dry and slipping, 

"For endless and for heavy belts, our belting material is not to be 
Inrpassed, and when fitted to the pulleys at the proper length, it 
ain so until worn out. It is 40 per cent, cheaper than 
Hither, and for all heavy and expensive belts must come into gen- 

[ use." 
WWe present some facts derived from testimonials furnished to the 

ikere of the paper belting. 
[One party says the 15-inch paper belt gives us entire satisfaction, 
t drives all our machinery with perfect ease; runs very straight, 
without any swaying or sagging ; is not affected by temperature ; 
and there are no indications of electricity, which we consider a 
great gain. 

Another party has had a 15-inch belt, 70 feet long, in use during 16 
months ; the surface next to pulley is hardly marked, and shows no 
indications of wear; belt not touched siuoe first put on, for repairs 
of any kind. 
I Another party says : " We have been using one of your 14'inch 
' paper belts for the last 4 months to drive a paper engine, which 
requires about 13 horse-power. It works to our entire satisfaction, 
and givea us less trouble than any other belt in the mill." 

Another party has in use a paper belt 1*2 inches wide, 50 feet long, 
and runs from the fly-wheel of a 25 horse-power engine to a pulley 
on line-shaft, driving machinery which nearly exhausts the power of 
the engine. It givea equal satisfaction with a leather belt formerly 
used in same place. A narrower and shorter belt, crossed &\so, has 
done quite as well as a leather belt under like circumstances. 

Another party has thoroughly tested the paper belt, and is en- 
tirely satisfied therewith. The belts are 12 inches wide ; one 120 feet 
long, the other 92 feet ; they do not stretch or slip. 

Another party says : " The paper belt continues to give good sat- 
^fiiotion. It has already been at work on our engine as long as the 
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majority of leather belts last in the same place, and as jet we can see 
no eigas of wear. It doea not stretch nor slip, and running iii the 
open air, as it does, it saves us a great deal of trouble which we have 
had heretofore with a leather belt. Having had a great deal of ex- 
perience, we do not hesitate in saying that the paper ia a superior 
belt." 

Water- proofed Leather Belting. 

151. A company in Philadelphia is at present very successfully 
engaged in water-prooiing various materials by patent process. They 
operate upon lighter fabrics of all kinds, and also upon leather, and 
claim to add considerably to the durability and efficiency of belting- 
so prepared. The belting is rendered perfectly water-repellant, and 
can therefore be employed under circumstances where the ordinary 
leather would rapidly stretch and become worthless, namely, when- 
ever it is exposed continuously to the wet 

A line of belting thus prepared has been for some mouths employed 
in transporting from the bed to the shop damp clay, for subsequent 
workiug, the clay beiug simply heaped upon the belt, and thus trav- 
ersed. The water-proofed belt baa thus far, we are told, not appre- 
ciably stretched or deteriorated, which would indicate that the pro- 
cess is a successful one, and of much practical value. 

The process, from the account of one who ia conversant with the 
operation, is stated to be aa followa : 

" Leather bands, having the joints cemented and riveted in the 
usual manner, are steeped in an alkaliue solution, which permeates 
them and forms a coating in the surfaces of the cella and pores. 

" By a subsequent treatment in a solution of metallic salts (some- 
times accelerated by pressure), the coating ia rendered insoluble and 
repellant to water. 

" The water-proofing effect appears to be thorough, newly cut sur- 
faces being equally repellant to water with the original. Belting so 
treated possesses greater flexibility and improved adhesion to tbe 
pulleys; about 5 per cent, more force is requisite to slip a baud 
after water-proofing it than before. In good leather, tbe tenacity 
of fibre is not impaired ; poor leather, or leather of unequal texture, 
cannot be water-proofed without so distorting it as to render it un- 
salable; the purchasers of water-proofed belts are reasonably sure 
of good material. 

" More force ia required to stretch tbe belting after water-proofing 
than before, and a considerable degree of elasticity is imparted by the 
process. 
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^H "The belting ahorteuB or Bhrinks iu length and increases in width 

^^H thus showing a tendency during the process to resume the origiua 

^H form of the leather before the etretehing operation of the belt manu 

^B- &cturer." 

^H Underwood's Patent Angular Belting. 

^H 152. This driving belt consists of a number of narrow leather 

^~ bands, laid a-top of one another, lapping and breaking the joints, iu 
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Fig. 64. 

nrder to secure the greatest combined strength. Shown in Figs. 64 
and 65. 

To the under side of this compound band are fn^lened short pile. 
of leather, of eoual length. 




^H forming blocks, each secured 

^^1 to the band by two iron riv- 

^^1 ets, as shown above. 

^^P The 4 bands, J, are contin- 
uous ; the 5 pieces, K, and 
shorter pieces, I, interposing, 
are held together by the riv- 
ets, F; ail are shaped to the 
angle, C D E, which is tJie 
correct angle of grooves for 
the wheels. 
The length of the blocks i.-: 






1 


made as short as construction 
will permit, in order to in- 
crease the surface of contact w 
wheels ; the pieces, I, are made 
the band, for which also the bloc 


Fig. 65. 

hiJe bending in the groove of th 
shorter to give more flexibility t( 
ks are separated by a narrow space 

A 
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The elasticity of the leather is sufficient to allow of the necessary 
hending of the 4 united bands without injury to the fibre, as it ia not 
intended to use this belt over pulleys of small diameter. 

The 4 bands, J, thus constituting the " wrapping connector" and 
teusional strength of this system, while the blocks, K, form the fric- 
tional wedges, so to apeak, and the sloping edges of all in the angle 
of the groove contribute to the great adhesive power possessed by 
this driving belt. 

The ends of this belt are joined by bevelling the opposite faces of 
the part J, for 18 or 20 inches of its length, and then uniting the 
whole by bolts having washers and nuts at F, and with heads inside, 
similar in size and poFtition to the rivels ; or the separated strands 
may be joined, the top one say at 0, the next one at P, and in no 
case having more than one joint between any pair of rivets. 

We have a practical illustration of the driving capacity of this 
kind of belt in the N. H. and N. Y. Railroad shops at New Haven, 
Conn., where a 22-inch double leather belt of Hoyt's make, weighing 
2J lbs. per square foot, running on pulleys of 6 feet and 4 feet diam- 
eter, and 16J feet distant between centres of pulleys, with a quarter- 
twist, and slipping under a load of 75 to 80 horse-power, with noise 
which could be heard 1^ miles away, was replaced by 2^-inch angular 
belts, ou V-grooved wheels of same diameter. After 16 months of 
running, one of the angle belts was removed. This, of course, put 
all the work ou the remaining one, and this one carried the whole 
load with apparent ease. Afterwards one-third more work was done 
by this belt without slipping, visible straiuing, or injury. 

20 inches length of the 2i-inch l«lt weighs 2 lbs. 21 inches of the 
3-inch belt weighs 3 lbs. M N is the breadth. 

European Compound Leather Belts. 

153- An examination of the different leather departments, and 
the varieties of belting in actual use, reveals a tendency on the part 
of manufacturers to improve the quality of wide belts by securing 2 
inch strips along their edges. Specimens of this character are ex- 
hibited by Messrs. Webb & Son, Stowmarket, England; Mr, Wil- 
liam Buland, of Bonn, Prussia; H. Lemaistre & Co., Brussels, 
Belgium ; Placide Feltereau, 32 Rue d'Hauteville, Paris ; Poul- 
lain Brothers, 99 Rue de FJandre, Paris; and others of less note. 

The material forming these strips is (with a single exception) 
leather of the same quality as tlie belt. The methods of attach- 
ment are variable, as laces, threads, rivets, eyelets, and brass screws, 
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The flDglish use the threads, Prussians the laces, and the French all 
the varieties enumerated. Mr. P. Pelterau, proprietor of one of the 
largest houses in France, makes a remarkable display, not only of 
belts and their mountings, but of different kinds of leather, such as 
tanned elephant hide, varying in thickness from J to ^ an inch, and 
hippopotamus hide from 1 inch to 1^ inches in thickness. 

His 8-ioch and 10-ineh belts have leather fecings 2 inches wide on 
their eilges. Each of these facings is attached by two leather laces, 
whose stitches have J of an inch span, and run in parallel lines sep- 
arated by IJ inches. 

The " in extensible belt," for which, at a previous exposition, he 
received a gold medal, haa steel instead of leather edging strips. 
These strips, for a 10-inch belt, are 2 inches wide by ^ of an inch 
in thickness, and are attached by 2 riveted rows of copper tacks. 
These tacks are j inch diameter and placed Bj inches between 
centres. 

Messrs. Poullain Brothers join their single and compound their 
double belts with headless ^-iuch brass screws. This is accomplished 
by a very ingenious machine, of which there are several types in 
the French department. It carries a coil of plain brass wire, which, 
while being fed to the work, passes through a die of 28 threiuls to 
the inch. The screw thus formed enters the belt at a point closely 
clamped by a foot-lever, and, having passed through, is cut off. 
Finally, the belt being placed on a surface-plate, the points of all 
the screws are slightly riveted. The most compact and expeditious 
of these machines is the invention of Mr. Cabourg, 74 Rue St. 
Honors, Paris. 

Mr. E. Scellos, of 74 Boulevard du Prince Eiig6iie, exhibits what 
he terms a " homogeneous belt," for 150 horse-power. This belt is 
19i inches wide by J inch in thickness. 

It is composed of 104 leather strips J inch wide, laid horizontally 
Wth reference to the belt, and laced transversely; the distance 
tetween laces is 1^ inches, and diameter of lace ^g of an inch. The 
^ilvantage of edge-bound wide belts, where frequent slipping is an 
Jeaeeutial, we think will be readily conceded ; and to what extent they 
J can supplant double belts is a subject worthy of experimental inquiry. 
The use of very wide belts is seldom resorted to in the machinery 
department. One of the stationariea has two central -ribbed pulley- 
rims bolted to the arms of its fly-wheel, on these run 4 belts 6 inches 
in width ; another has two 12-inch edged belts, and so on. The in- 
clination was always to increase the number rather than the width 
of the belts. — Paris Exposition, 1867. — W. S. Auchincloss. 
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English Belts of Leather and Iron Mixed. 

i54:, " A conteiuporary says ihat tlie improved steel wire bas a 
BtreDgth of 160 to 175 tons per square inch of actual Bection ; that 
176 No. 14 wires have a total section of one square inch, aud that 
each wire will bear from 2000 lbs. to one tou breaking strain ; and that 
the ropea made from these wires run readily around 4-feet or 5-feet 
drums, coil perfectly, and last for a long time. Such being the case, 
it becomes important to us to look to steel, in a measure, to substitute 
leather driving-belts." . . . 

" While the substitution of leather by other substances, such as 
vegetable gums, gutta-percha, and India-rubber, impregnated into 
strips of coarse woven fabrics, has often been tried, and used, too, 
with a certain measure of success. Speaking, as we now do, fror 
experiment as to the value of such a combination for driving-belts, 
we can certainly assert that we never found them one-quarter as 
durable as leather ; their use was more costly than the older used 
substance." 

. , . " In some, though few, cases iron and steel wire belts have 
been used, the pulleys on which they run being covered with buckskin 
or some other leather, to increase the adhesion." 

" We have cited these few remarks to throw out the hint that, now, 
when cheap and strong steel wire can be purchased, there promises 
to be a fruitfiil field for inventive talent to devise some meaus o 
weaving steel wire and gutta-percha into flat belting — producing a 
stronger and better adhering driving band than leather ever can be." 
—I*rac. Mech. Jour., Nov., 1S67, p. SS7. 

Chas. Sanderson, of Sheffield, England, has taken out a patent — 
dated Dec. 8, 1862 — " For making driving bands of thin sheet metal, 
coated with rubber, to prevent oxidation." " The bands are fii-st well 
cleaned with acids, then coated, by electro process, with brass, a&er 
which they are coated all over with gum vulcanized thereon, a^ 
which adheres tenaciously to the metal coating, fiands of grei^ 
etreugth may be made by cementing together several made as above 
with a layer of gum between each, the gum imparting flexibility a 
adhesion to tlie compound band in passing over the pulleys." 

George and Daniel Spill, of Middlesex, England — under date of 
Nov. 9, 1859 — have taken out a patent for "the manulacture of 
bands by weaving together covered strips of metal with ends of hemp 
or other fibrous material." 

A strip, or band, or wire of steel is covered with one or more 
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rauda of hemp cord, previously paaaed llirougt a solution of caout- 
chouc, gutta-percha, glue, drying oils, gums, resiue, tar, pitch, or 
other glutiuous, gelatinous, or siccative materials. After the strands 
have been applied, the strip or wire is passed betweeu rollers, in order 
to solidify the covering. 

Any required number of metal strips or wires thus covered are 
used as warps in a loom, and liemp cord or other fibrous material — 
previously covered with a solution of caoutchouc or any of the other 
before -mentioned materials, or not — is employed to weave the whole 
together. 

The fabric thus produced is passed between rollers, to render it flat 
and smooth, aud before or after so doing a solution of caoutchouc, 
gutta-percha, or a coat of paiut, or auy other desired material, is 
applied thereto. 

M. J. Haines, of Stroud, England, has taken out a patent — bear- 
ing date Feb. 14, 1860 — for making driving-belts, 

"This invention ■ consists in cutting leather or hides into narrow 
strips of equal width, each strip width representing the thickness of 
the intended driving-belt, and placing the same side by side, break- 
ing joints with the lengths, to make the whole of uniform strength, 
and with the cut edges of the leather coming to the upper and under 
surfaces of the intended belt, until the desired width is obtained. 
The whole are fastened together by wire, rivets, or screws passing 
transversely through the strips, and secured on the opposite sides." 

"An interesting description of American belting is made chiefly 
of wool, and the surface of the belt covered with a resinous cement. 
We saw a small piece that had been in use for 2^ years on a heavy 
cloth loom in the States." — Land. MscIl Mag., Mar., 186S, 

For description of a peculiar form of driving-belt, the invention 
of W. Clissold, see Frank. Inst. Jour., Aug., 1863, p. 121. It consists 
of double links of leather, or other similar material, connected by 
intermediate links of metal, the whole series running in grooved 
pulleys, the leather only touching the sides of the grooves, and driv- 
ing by adhesion, in the same manner as ordinary round belts. 

J. B. Hoyt & Co.'s Patent Angular Belting. 
t ISSt " This invention consists of a novel belt of a trapezoidal 
I, to be used, in connection with a V-shaped or angular grooved 
pulley, for driving all kinds of machinery where belting is required 
to transmit power. 
_"The angular belt is a great improvement on the round, square. 
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or flat belt ; a much greater surface of the belt is brought ii 
with the pulley than with any other kind. It will we< 
the groove and resist any slipping action, during the rotatio 
pulley, 80 that the greater the strain put ou one side of the belt the 
tighter will it be held in the groove ; not being liable to slip oa tbe 
pulley, it may be used very loose, causing less friction, consequently 
requiring leas power to drive machinery, aud giving it greater cer- 
tainty aud r^ularity of motion. As the angular band is not liable 
to slip, it can be used with greater economy and certainty than either 
the round or flat belting ; its power is limited only by its strength. 
Made of the same materials and the aatae width of belt, this form 
has more strength than any other. 

"This belt has been used with perfect success when other bands 
have failed entirely to impart motion to machinery. They are made 
without a joint in their length ; and when the width requires more 
than one thickness of leather, the belt is connected, then riveted or 
screwed, so that the fastening will not come in contact with the pulley." 

Friotion Wheels. 

X5G' " Wheels acting upon each other are the instruments by 
which tbe transmission of force from one part of a system of machinery 
to another is commonly and conveniently effected. Tbe due connec- 
tion of the moving parts ia accomplished either by the mutual action 
of properly formed teeth, by straps or endless bauds, or by the fric- 
tion of oue face of a wheel against another. The latter method has, 
when adopted, been generally in small, light works, where tbe pres- 
sure upon tbe different parts of tbe machinery is never considerable. 
Mr. Nicholson saw a drawing of a spinuing-wheel for children, at a 
charity school, iu which a large horizontal wheel, with a slip of buff 
leather glued on its upper surface near the outer edge, drove 12 spin- 
dles, at which the same number of children sat- The spindles had 
each a small roller, likewise faced with leather, and were capable, by 
an eaay aud instantaneous motion, of being thrown into contact with 
the large wheel at pleasure. The winding bobbins for yarns at the 
cotton-mills operate on the same simple and elegant principle, which 
possesses tbe advantage of drawing the thread with an equal velocity, 
whatever may be the quantity on the bobbin, and cannot break it. 

" We are not aware that the same mode of commuuication has 
been adopted iu large works, except in a saw-mill, by Mr. Taylor, 
of Southampton. In this the wheels act upon each other by the 
contact of the end grain of wood instead of cogs. Tbe whole makes 
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very little noise and wears very well ; it has now been in use nearly 
20 years. Tiiere is, of consequence, a, contrivance to make the wlieela 
bear firmly agaiust eat'h otlier, by wedges at the socketa or by levers. 
Thia principle and method of transmitting power certainly deserves 
every attention, particularly as tbe custumary mode, by means of 
teeth, requires much skill and care in the execution, and, after all, 
wants frequent repairs." — Treatise on Mechanics. Olinthus Gregory, 
London, 1S06. 

English Leather Belts. 

157. Mr. W. T. Edwards, of No. 20 Market Place, Manchester, 
England, preseuts, October 24, 1876, the following interesting par- 
ticulars of English leather and belts: "All our belta are made from 
the best English leather — that is, English hides, oak-bark, tanned; 
and to make them any leogth and width without cross joints, we 
select all the large hides (which are curried on tbe premises^ ; we 
then cut the hide round (taking off the bellies and shoulders); they 
are then cut spirally in narrow strips, IJ inches wide or more, sewn 
together longitudinally, in the same manner as the stitching of a 
cricket-ball cover. Some of the strips are 160 feet long. By thia 
patent (Sampson's) we build tbe belt any width; the double belts 
are made by putting two singles buck to back, and then pegging 
them together; by these means we get the greatest amount of strength 
with the least possible weight, an even thickness throughout, and 
warranted to run perfectly straight. 

"I have just supplied a 38-inch wide double, 90 feet long, for driv- 
ing direct from the fly-wheel, 14 feet diameter, to a 6-teet pulley. 
Speed of belt, 2800 Fpm, trausniitting 350 horse-power indicated, 
the belt running horizontally, and driving the whole of the ma- 
chinery in a cotton-mill. At another cotton-mill I have two 29-inch 
wide double (121 feet and 145 feet long), driving pulley 28 feet 
diameter, 5 feet face turned up for tbe two belts ; driven pulleys, 7 
feet 6 inches diameter; apeedof belts, 4500 Fpm, running at au angle 
of 75°, and transmitting 600 indicated horse-power. 

" I have in another similar cotton-mill double belts 28 inches wide. 
I have a 36-)nch wide double turning about 30,000 throstle spiudles 
in one room, transmitting 3.50 horse-power indicated ; pulleys 16 and 
8 feet diameter; speed of belt, 4300 Fpm, running at an angle of 45°. 
At another spinning-mill I have 8 double and treble belts transmit- 
ting 2000 horae-power indicated; pulleys 10 and 7 feet diameter; 
speed of belts, 4200 Fpm on second motion shaft. I am now making 
two 26-inch treble belts, which are intended to transmit 800 indicated 
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horse-power. I have a 24-inch double at Sir Joseph Whitworth & 
Sons' works here transmitting 290 horse-power indicated ; pulleys 
each 10 feet diameter ; speed of belt, 4201) Fpm, running borizoD- 
tally. I have another 24^uich double transmitting 230 horse-power 
indicated; pulleys 19 feet 6 inches and 6 feet, running horizontally 
at a apeed of 2700 Fpm. I have them up to 26-inch wide trebles 
working in roUing-milla here in £ugland. I had a 30-inch double 
turning 350 horse-power iodicated, but they have been induced to 
put in a wider belt. I have one on hand now 34 inches wide. I 
have plenty of large belts working in this country, and am only giv- 
ing you a few of the principal ones. To do the same amount of work, 
I generally allow a third more width for single than for double bells." 

Various Driving Belts. 

IS8- "The North British Rubber Company, Edinburgh, ex- 
hibited India^nibber belling in variouB widths. This belting consists 
of a number of plies of cotton fabric cemented together by India- 
rubber, and is said to possess the advantages of durability and supe- 
rior adhesion as compared with leather. 

" The machinery in motion in tlie Western Annex was driven by 
India-rubber belts supplied by the exhibitors, which worked in a 
satisfactory manner. 

"Messrs. G, Spill & Co., London, exhibited machinery beUing 
mauufactured from flax-yarn, saturated with a compound substance, 
said to be incapable of decomposition. 

" The following results of the tests to prove the tensile strength of 
this belting in the chain-cable testing machine at Rolherhithe appear 
to show that it is much stronger than leather belting : 



«— ■ 


Width in 


is iXa 


'=vs?rin" 


1 

2 
3 

Stout leather band 
of good quality.... 


5 

5 
10 


6272 
7448 
16632 

2100 


1264 
1489 
1663 
626 



"Messrs. Nobes & Hunter, London, exhibited compound leather 
belts, manufactured of a strong hempen web, sewed between 2 plies 
of leather. 
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"Messrs. Bryant & Cogan, Bristol, exhibited edge-laid leather bandt, 
coDsistiug of thin strips of leather laid side by aide, breaking joint, 
and united into one baud of the requisite width. It is considered 
ibat by the mode of working the strap ou the edge of the leather 
instead of ou the face, the risk of cracking aud breaking the grain 
of the material ia avoided ; whilst edge-laid bauds may be used more 
slackly than ordinary bauds, as the edge surface ' hugs ' the drum or 
puliey more than the face. (See Arts, 149 and 153.) 

"Messrs. C J.Edwards i&Son, London, exhibited nntanned leather 
belts. The fibres of tanned leather, be couteuds, are weakened by the 
ordinary artificial means uaed in swelling the hides, which produce 
heavier and thicker, but spongy leather. Mr. Preller's leather is 
twice stretched, and is of greater density, as it contracts, in drying, 
to the original thickness of the hide, and from the results of experi- 
ments made at Woolwich Dockyard, to which he refers, it is said to 
have been ascertained that bis leather is at least 50 per cent, stronger 
than tanned leather. 

" Mr. W. Potier, London, 
exhibited gut wheel bands, 
aiao bands of twisted leath- 
er." — ' 'Exhibited Machinery 
oj 1863." D. K. Clark, C. 
K, London. 



Tool for Putting on Beits. 

139> We copy from 
an advertisement in " En- 
gineering" a very inge- 
nious device for putting 
on belts while the puUeya 
are in motion, shown in 
Fig. 66. 

The conical pin and 
flange, A, revolve on tlie 
end of the staff, B, which, 
being provided with a sock- 
et, may have a rod, C, of 
any suitable length fitted 
to it. 

The illuBtratioQ shows how it 




Fig. 66. 



CHAPTER V. 



ON THE STRENGTH OF BELTING LEATHER. 

i60t " We herewith call the attention of those who use belting- 
to the results of some testa made for us by Riehle's testing machine, as 
to the relative strength of different portions of a side of leather when 
submitted to a hreakiug strain. The experiment was made with half 
of one of our regular butts, from which 48 pieces were cut, each 11| 
inches long by 2 iuchea wide, on which they are respectively marked^ 
with the breaking strain (in lbs.), stretch (in fractions of an inch), 
and weight of each sample (in ounces and drams)." 

" It will be seen in table (Fig. 67) that the textile strength of leather 
varies widely, according to the portion of the hide from which the 
leather is taken, and the test shows that the most valuable leather, 
or that which insures an enduring, straight, aud well running belt is 
not found in that part of the side which has the greatest textile 
strength. The long fibre found near the lower edge of a side of 
leather or in a hide that is not well filled (and still stronger in a raw 
hide), will stand a much greater breaking strain, but it does not pos- 
sess those qualifications required for belting and sole leatlier purposes, 
which are tbund in tbe firmest part of well-filled oak-tanned leather." 
— J. B. Hoyt & Co. 

"This teat is of importance principally to makers of belt or band 
leather, but when we compare the results, and notice how great is tbe 
variation of tensile strength — those parts which are concededly the- 
heat for sole leather, giving such decidedly inferior qualities for belts 
or for harness — it is quite possible that the experiment may have as 
much of value to the makers of boots aud shoes, as it has to the 
manufacturers of belting; for, generally speaking, those portions of 
the hide which give the greatest tensile strength will most readily 
soak water, aud present the least resiatance to wear by attrition, when 
used in the soles of hoots and shoes. The leather which ia most care- 
fully made from the best selected hides, and in which the tanning is 
most thorough, aud nothing neglected in the finish, aud trim, will 
undoubtedly continue, as heretofore, at all times to command the 
highest prices and the readiest sale." — Shoe and Leather BeporteTt 
July 6, 1876. 
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I have endeavored to present ia this chapter ae complete au exhibit 
of the tensile resistance of the beltings in general use for machine 
driving as could be obtained troin standard books; these were found 
having little to ofier in variety, and less to give in the way of details 
of tests, but the isolated figures derived from these sources, wheu 
taken in connectiou with the interesting and valuable experiments 
of the Messrs. Hoyt, together with those made at the Centennial, 
make up a tabular statement which will enable the reader to know 
about what strength there is in leather and in some other beltings. 

A glance at either table will show the user of belts that, if he 
employs such as are well made from good stock, be has little to fear 
from the breaking of them iu the solid part, even when severely 
used. To prove this, refer to the articles in which the driving 
tension for continuous service is stated. Take Morin'a figures, for 
example, iu Art. 1, p. 17, indicating 355 lbs. to the square inch of 
leather, being equal to from J to ■j'j the breaking strength of the 
same, which is ample factor of safety even when the belt has lost 
part of its original tenacity by wear and tear, and by the weak- 
ening efiect of oils and adbesives applied to its substance. 

Again, take the straiu of 100 lbs. to the inch of width, as proposed 
by Thurston, in Art. 40, which is beyond the limits of usual pi'actice; 
but single leather belting has been submitted to such a working load 
rithout appreciable injury, as represented in Art. 15. Even this is 
only ^ the rupturing strain of the poorest leathers in the table. 

Account should be taken, in these estimates, of the loss at the holes 
For rivets and laces, for the tightening to gain adhesion, and for the 
weakening of the belt at the splices and fastenings, which are iavored, 
of course, by the superior tenacity of the fibre of the belt. 

Hoy t's tests of a side of leather have awakened au increasing inter- 
est in the need of reliable experiments for determining the breaking 
' strain of the various beltings in use. This table tells us plainly that 
strenglh, ilretck, and show of leather are not equal and convertible 
terms, and shakes our faith in the ancient saying that there is 
"nothing like leather," by proving it to be not all strong, but, like 
everything else, having its weak points. It shows, also, why belts 
become crooked in use. 

The table on page 213 shows the strength of various beltings — the 
first group presenting the testa made on July 3, 1876, at the Centen- 
nial Exhibition, in Messrs. EiehlS Bros.' testing machine; the others 
are derived from various sources. Most of them will be found in 
the articles throughout this treatise. 
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CHAPTER VI. 

TRANSMISSION OP FORCE BY BELTS AND PULLEYS. 

By Robert Briggs, accompanied by Experiments of Henry 

R.Towne, from the "Journal of the Franklin institute," 

January, 1868. 

IGl, There are few mechanical eugineers who have not been 
frequently in want of tabular information or readily applicable 
formulffi, upon which they could place reliance, giving the power 
which, under given conditions and velocity, is transmitted by belts 
without unusual strain or wear. The formula of the belt or brake 
is well known and simple, and it is only necessary to acknowledge 
and adopt a valne for the co-efficient of friction (or of adhesion, which 
18 perhaps the better term), to allow this formula to be applied in 
daily use. And this co-efficient of friction has been carefully estab- 
lished by the experiments of General Morin and M. Prony, and has 
been made available to English and American engineers, by tbe 
translation of Bennett. * 

With every point needed, therefore, at the command of the engi- 
neer, it is somewhat surprising that a more extensive publication and 
general use of the data has not followed. 

But, notwithstanding the existence of this correct malhematical 
and experimental information, the numerous tables which have beeu 
given by mechanical engineers appear to have had only that kind 
of practical basis which baa come from guessing that an engine or a 
machine, either the driving or tbe driven, with a belt of given width, 
was producing or requiring some quantity of power which might 
be expressed in terms (foot-pounds) generally without any stated 
arc of contact. Three rules, given by practical mechanics, vary 
80 much as to give as bases for estimate (without regard to arc 
of contact) 0.76 horse-power, 0.93 horse-power, and 1.75 horse- 

* Bennett's Morin'a Mtekan'iet, New York, 1860. 

It muiit be remarked that there are i>onie mintakea in the text of Bennettfa 
trannlation, which will lead to aerioua errors, unless reud by a. careful iavesti- 

214 
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I power, r^pectivdy, for the power of a belt one inch wide muumg 
1000 Fpm.' 

It was the rec|uiremenl to know the eiacl useful efieol of a novd 
dUposition involving an unusual Email arc of eonUct of the belt upon 

Ihe writer was not able to give the time ilemandeil for makiug such 
experimenis as would establish the practical vo-efficieut of adhesion, 

experiments, of which he gives the aceompauying n-port, are tlie 
result of his labor and care. 

It was not uulil after the experiments were completed, that either 

^^^ir. Towne or the writer knew of the publication of M, Prouy or 

^^^■eneral Moriu, although Bennett's translation rested upon the 

^^Hbelves of the writer's library ; but, aside from the gratification 

^^"•hieh we feel at the corroboration, we thiuk the reader of this 

article will be pleased to know that our data is founded upon the 

ordinary pulleys and bells of the workshop, and our e.^jieriiueula 

were not impaired by any niceties which common workmen would 

not apply. 

Even the crudeness of our experimental apparatus, nnd the gen- 
eral, not over-exact, method adopted, will serve to denioustrato to 
the minds of practical men the possibility of relyiug upon ligurea 
which have been established so nearly in accordance with the customs 
of the workshop. 


We take from Rankine's Applied 
Mechanics the following formula of 
a belt, only changing the words, in 

to the general reader in an elemen- 
tary way: 

Let A be a pulley upon which 
the belt passes from T^ to T,. Let 
T — the length of radius of the pul- 


i 






ley A. Let T, = the tension of the 
belt (or the strain) on the tight side. 
Let T., — the tension of the belt (or tl 
Then the pull on the belt by which it t 


Fig. 68. 

e resistance on the loose side) 
anaraits power = P = T, — T, 




* It will be shown, by the deductluna from erperimenlB, that 1.33 horsB- 
^H^g 1000 Fpm. ^^^^ 


L 
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and this difference represents the adhesion or iiiction, resulting from 
the contact between the belt and the puiley. 

If we suppose the tension on a unit of width of belt at 6 ^ Tj, 
then it follows that the normal pressure per unit of eur&ce at the 

T, 

point b^^ — . The units of dimension, either linear or superficial, 

may be inches and square inches, feet and square feet, metres and 
metres square, or any other units of relative value. Thus we may 
say the normal pressure upon a square inch of surface at b equals the 
tension on an inch-wide belt, T„ divided by the length in inches of 
the radius, r. 

We will endeavor to make this understood by comparing the case 
with the well-known instance of the relation of pressure to tension 
in the shell of a cylindrical boiler. If we take an example of a 
boiler having 10 inches radius [or 20 inches diameter), and with an 
internal uniform pressure of 100 lbs. per square inch, it will be 
recognized that the tangential strain per inch of length of shell 
will be equal to the pressure multiplied by the radius, or 1000 
lbs. ; and this tangential strain is uniform at all points of the 
circumference. 

The tension, T,, in like manner, corresponds to the tangential 
strain just stated, and the resulting normal pressure corresponds to 
the internal uniform pressure. And as, in the instance of the boiler, 
the tangential strain is exerted at all points of the circumference, so 
the normal pressure proceeding from the tension in the case of a belt, 
is independent of the length of arc of contact on the belt, and refers 
to the point of contact, b, wherever that point may be taken on the 
pulley. 

X, 

Admitting, therefore, that the pressure at the point b =^ — , we 

have the friction resulting from the contact of the belt on a unit of 

T, 
suriace ^=/ — (when / ia the co-efficient of friction of the leather of 

the belt on the pulley). This gives a new value for the tension of 
the belt at some point, c (very near b), (or tangential strain at that 

pointy, = T, -t-/— ^ Tj (l +J ^. And it follows that the pressure 
ate=: — (i+/-Yand the friction resulting from the contact of 
the belt on a unit of surfiice^^/ f-r' (^ +/;)!■ This again gives 
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a new value for the tension of the belt at some point, d (very near 
c).^T,+/ [^'(l+/^)]=T, (l+/^)'. On taking further 
points in succession, until we take I points and reach the point m on 
the figure, we have for the tenaion at m = T,n +/— J ^=T, .■. — 

=(>+4)'- 

This equation is the well-known one of tlie hyperbolic logarithm. 



T,_ 



= e r' where e 



i the base 



of hyperbolic logarithms. We can further transform this equation 
b by substituting the ratio of the angle iu degrees, for the length of 
I contact on the arc, compared to the radius. 



Jr. 



and taking the numerical values of e, », and dividing out the i 



.-.log. T, — log. T,^0.0075Sfa 
%_,f, 0.00758 fa, 



■■■/= 



%■(!:) 



(2.) 
(3.) 



Aa we BBBumed before, P^ T, — Tp 
, log in equation 2. 



. T,= T, — P, which insert- 



■.P{. 



" T,—P 
0.00758 J. 



0.00758 fa 



)-^t,{k 



■')-T. 
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V call atten- 



The third eqaatioa is the one to which we would n 
T, 
tion. By it, for auy given valuea for the ratio ™ , we 

the co-efficient of friction, when, by experiment, we have fixed the 

greatest difference of the two strains without slipping on a pulley 
with a given arc (measured by a) of contact. 

We would here make a very important observation, which forms 
tlie key of tlie whole syatem of traDBmission of force by belts. In 
practice, all belh are worked at the maximum co-efficient of frielion. A 
belt may, when new or newly tightened, work under heavy strain 
and with a small co-etficieut of friction called into action; but in 
process of time it beeoniea loose, and it is never tightened again 
until the effort to perform its task is greater than the value of the 
co-efficient with a given tension of belt, and the belt slips. We run 
our belts as slack as possible, so long as they continue to drive. 

It has been shown ♦ that the value of T, -f- T, , or the sum of the 
strains upon the two sides of a belt (loose and tight), is a constant 
quantity ; that is, when a belt is performing work, it will become 
loose on the one side to the exact amount that it is strained on the 
other, and when at rest, not transmitting force, the tensions will 
become equal, and their sum be the same as before. It is mani- 
fest that the limit of the strength of a belt is found in the maximniu 
tension T,, and that this strength being known, the effective pull (P) 
is further liiniled, with any given arc of contact, by the value/ of 
the co-efficieut of friction. 

The discussion has so far been limited to the pull exerted by a 
belt. When we would include the power which belts will transmit, 
we have only to multiply the pull by some given or assumed veloc- 
ity to transform our equations into work performed. 

By means of the third equation, we will now deduce a value for 
the co-efficient of friction aa given by the experiments. 

All the experiments were with the arc of contact ^ 180" ^^ a, 

which, iubatituiing f^ ^' T, 
1.36U 
and the result of 168 separate experiments of Mr. Towna has giveOi 
under tensions of T, from 7 to 110 Iba, per inch of width of belt: 




-^ 0.5833. t 



• Bennett'B Morin, page 303, and following \ 2S2. 
t Bennett's Morin, page 306, If 263, givefl/^ 0.573. 
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In this case T, has in all cases been so much in excess of T, as to 
slip the belt et a defined, slow, but not accelerating motiou. 

From au examiuation of the report of the experimeuls, we think 
the reader will coincide with our eonclusiou that ^ of this value of 

T, 

^ can be taken as a suitable basis for the working friction or adhe- 
sion which will cover the contingencies of condition of the atmos- 
phere ae regards tem])erature and moisture ; or 



^^It 



3.7764 (.maxivnim praetieal value) .'./— 



1.S6U 



The experiments further ahow that 200 lbs. per inch of width of 
Celt ia the maximum strength of the weakest part — that Is, of the 
lace holes. Taking this, with a factor of safety at one-third, we have 
the working strength of the belt, or tlie practical value for T, ^^ 66J 
lbs.t The case when belts are spliced instead of laced, a great in- 
crease of strength has been shown, the experiments giving 'SSQ lbs. 
per inch of width, or 125 lbs. safe working strength, 
^^^m If we insert these values of /and Ti in (4,) 



.-.P- 



t.-.P^ 



■s'Ai. 



- 0.007S X 0.4^29^ a) 
— 0.003206 a\ 



(6.) 



It should be notM lljat the experiinentH were mude witliout anj appreciable 
Telocity of bell, and llirouphoul tliin pnper no r^ard has been paid to the effect 
of Telocity or of l)ie dimensions of tbe pulluya upon tbe value of the coefficient 
of friction. 

For pulleys less than 12 inches diameter {with tbe belts of tlie ordinary thick- 
Wxt of abont ^ths inch), and for velocities exceeding about 1000 Fpm, allow- 
■Dce must be made for tiie effect of centrifugal force in relieving (he pressure of 
the belt on the policy, for the rigidity of the bell, and for tbe interpat'Uion of air 
hAiitm tKe ptdltt/ and the belt. Al high npeeds, say 3000 feet velocity of belt per 
minute, the irant of contact can be seen, sometimea, to the extent of one-tiiird 
the arc encompassed by tbe belt. The writer bas proposed to place a, de- 
flector or fltripper near the bell, to lake off the stratum of air moving with it, 
but has never tried tbe experiment, altlioogb he has little doubt of its giving 
Horne advantage. 

t Bennett's Morin, page 306, TJ 253, gives 55.1 lbs. per inch of width as adraia- 

t This equation (5) is the really important one in practice, and by means of 
logarilhms can be solved for any valuea of a" readily ; but as some of those who 
may wish lo une it may not be at once prepared to use the logaritliraic nolation, 
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The largest possible angle for an open belt, without a carrier or 
tightener, is 180°, as upon either the driving or the driven pulley 
this cannot be exceeded; but for crossed, or carried, or lightened 
belts, the angle may be as large as 270°. 

We give the following table of results for different arcs of contact 
(corresponding to a°) within the usual limits of practice. 



Strain (ra/wnw'rted by beUg of one inch width upon pulleys, when the arc« 
oj contact vary as the angles of 



90= 


100° 


llO" 


120O 


135° 


150° 


180° 


210° 


240° 


270° 


Lba. 
32.33 


Lbs. 
34.80 


Lbs. 

37.07 


Lbs. 

39.18 


42.06 


Lbs. 

44.64 


LbB. 

49.01 


Lbs. 

52.52 


Lbs. 
55.33 


Lta. 

57.58 



If we suppose the pulley to be one foot in diameter, and to m: 
Bome number, N. of Rpm, we have the power transmitted ^NnP. 



from want of use or praolica, we give an eiample. 8uppo»e we take im nngle 
of 90°, the negatiTe exponent then becomes — 0.003206 x 90 = — 0.28854 ; sub- 



a thus bi 



-I.71I46. 



trading tliia from 1, we liitve — 1.71146. Tliis t< 
Now this eipreseion is on)j the notation for anti-Iugaritlim — 1.71146, or in 
wordfl the number for which — 1.71146 is the logarithm. Logarithmic tables 
giye this number^O.51505, and the equation 

P=e6\ [i-io-o.mm-x.9Q-^=e6\ [i-w-^-'^im) 

= B6\(1 — 0.51505) = esf X 0.43496. 
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And we give the following table for different area of contact (cor- 
' responding to a") within the usual lunits of practice. 

Table II. 

Power trangmitted by belts on puUeys one foot in diameter one Rpm. 
Arcs of contact of belin upon pulley* corresponding to the angles. 



ill 


90° 


100° 


110° 


120» 


136° 


150° 


180° 


210° 


240° 


270° 
























Fool-IlK 


Fool-lbi 
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Foot-lba 


1 
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495 
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fi4K 
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Am 
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500 


tilfi 
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7'^S 
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flOM 


fl47 


ftH2 


«is 


««o 


701 


770 


m^ 


«fiH 


904 


fi 


(iOM 


Vim 


K99 


7;w 


792 


Ml 


924 


990 


104.S 


1084 


7 


711 


TKK 


XI h 


HHl 


•Ji'iA 


mi 


107H 


llftft 


r/17 


1265 


8 


KI8 


KJi} 


9;^*2 


9Mi) 


KIJiH 


1122 


1 2H2 


KWO 


ism 


1446 


H 


914 


!IK4 


104H 


11 OH 


11KX 


12K2 


K«« 


14K.'> 


lft«4 


1626 


10 


lUlti 


1094 


1166 


laai 


1321 


1402 


1540 


1660 


1738 


1807 



The application of Table It. to any ^ven cases of known angle 
of the arc of contact, width of belt in inches, diameter of pullej in 
feet, and number of revolutions, is simply to take the figures from 
the table for the first two, and multiply by the two succeeding con- 
ditions, to obtain the foot-lbs. of power transmitted. 

We have taken the following examples : — First. Mr. Schenck (of 
New York) found an 18-inch wide belt running 2000 Fpra, the pul- 
leys being 16 feet to 6 feet, would give 40 horse-power, with ample 
margin (one-fourth). {Sic.) 

If we take the distance from centre of the 16-feet pulley to that 
of the 6-feet to he 25 feet (about the usual way of placing the fly- 
wheel pulley of an engine in regard to the main line of shafting), we 
have the arc of contact subtending about 153". From Table I. the 
strain transmissible is 45.1 lbs. x 18 x 2000 = 1,623,600 foot-lbs. = 
49.2 horse-power. 

Second. Mr. AVilliam B. Le Van (of Philadelphia) found by indi- 
cator that an IS-inch wide belt running 1600 Fpm, the pulleys being 
I' 16 feet and 5 feet respectively, transmitted 43 horse-power, with 
[ maximum power transmissible unknown. If we take the centre's 

pulley, I inch wide, running 215 Epm, gives 1 horse-p 





EXPERIMENTS OF BBIQGB AND TOWNE. 

distance, as before, at 25 feet, we have the arc of contact subtending 
about 150°. 

From Table I. we derive 44.64 lbs, as the strain traosmiasible X 
18 X 1800 = 1,446,336 footlba. = 43.83 horse-power. The same au- 
tliority found by indicator that a 7-inch wide belt over two 2-feet 
6-inch pulleys, 11 feet centre to ccDtre (horizontal), moving 942 
Fpoi, gave 8 horse-power. From Table I. for 180° angle, we take 
49.01 X 7 X 942 ^ 323,172 foot-lbs. = 9.79 horse-power. This belt 

s stated to be very tight. 

Third. Mr. A. Alexander (London Engineer, March 30th, 1860) 
gives a rule that a 1-inch belt will, at 1000 feet velocity, transmit 
If horae-power. 

If we take the contact at 180" from Table L, 49.01 X 1000 = 
49,000 foot-lbs, we have only 1^ horse-power. 

Fourth. Mr. William Barbour (same journal, March 23, 1860j 
gives as the power a 1-iiich belt will transmit with 1000 feet veloc- 
ity =0.927 horse-power, when we derive with 180° angle from our 
tables ^= 1^ liorse-power. 

Fifth. A. B. Ex (same journal, April 6, 1860) gives a rule 



n inekee > 



Rpm X breadth in inches „ „„ 



ratio of pulleys not to exceed 5 to 1. Changing this rule to 
diameter in feet X Bpm X vridlk iti inches 



5000 -^12^ SS,000 



^N footrau. 



Diameter in feet X Rpm X width in 

" ' 0.01363 

-■. 79^ X diameter in /eel X Rpm X width in inches = N. 



N.fooirlbs. 



From Table II. the angle of 120° gives 123 in place of 79.2, and 
it would appear this authority adopts about | the effect we take. 

Sixth. Dr. Fairbairn gives {MUk and MiU Work, Part II., page 
4) a table of approximate width of leather straps in iDchea necessary- 
fa transmit any number of horses-power, the velocity of the belt 
being taken at 25 to 30 feet per second (1500 to 1800 per minute), 
one-foot pulley, 3.6 inches wide, gives one horse-power. 

Assume 1650 Fpra, contact 180°, we have, from Table I., 1650 X 
49.01 X 3.6 X 1^29,132 foot-lha. = 0.87 horae-power. 

Seventh, Rankine gives {Rulei and Tables, page 241) 0.15 as the 
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co-efficient of friction, probably applicable to the adhesion of belts 
ou pulleys, to be used with his tbriuulie iu estiraatiug the [wwer 
transmitted. Neither experimeuts nor practice give so small a eo-elR- 
elent as this. 

We could multiply authorities on these points, but think the cor- 
mboratioD of those we quote with our tables eufficient to establish 
our experimental and estimated co-efficient of friction, /^:^ 0.423, as 
a proper practical ba^is. 

We give the two following cases not only to show the application 
of the formula 5, but as matters of some interest. 

In the construction of one of the forms of centrifugal machines 
for removing water from saturated substances, the main or basket 
Hpind]e is driven by cone-formed pulleys, one of which, being covered 
with leather, impels the other by simple contact. 

In the particular instance taken, the iron pulley on the spindle 
was 6 inches largest diameter, and the leather-covered driving pulley 
was 12 inches largest diameter; the length of cones on the face was 
4 inches, this last dimension corresponding to width of belt in other 
cases. By covering the leathered pulley with red lead we were able 
to procure an impresdon on the iron pulley, showing the width of 
the surfaces of contact when the pulleys were compressed together 
with the force generally applied when the machine was at work. 
This width was, at the largest diameters, almost exactly | of an inch. 
From the nature of the two convex suriaces compressing the leather 
between them, the actual surface of efficient contact cannot be taken 
at over half this width (,the slight error in estimating this contact as 
straight lines in place of circular arcs may be neglected). This gives 
the angle subtended by the arc of contact on the iron pulley^SJ", 
taking equation (5), 

«■«»«"') ^ eel 

i^l — .98 171) ^ 66% {0.01829) = 1.3717. 

Now, the average diameter of the iron pulley in the middle of its 
4-iiich face is 4.708 inches =^ 0.3923 feet, with a circumference of 
1.2326 feet, and it is usual to run, at the least velocity, 1000° Epm ; 
whence the power given by these pulleys = 1.3717 lbs. x 4 inches 
X 1.2326 feet X 1000 revoJutions =^ 6757 foot-lbs. = i horse-power. 
As the work performed by one of these centrifugal machines is 
the acquirement of velocity under the resistance of the frictioo of 



P=6d(i-i<,-"-"'«'""'")=6s'(/ 
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the machine and of the air, and the work of expelJing the tnoistura 
is 8o insignificant, in comparison, that it may be neglected in 
estimating. It can, therefore, be taken as probable that the real 
power demanded to keep tlie machine in motion is very nearly that 
given by calculation. It ahonld be stated that the basket belonging 
to this particular machine is 29 inches diameter and 12 inches deep. 

The second special case we instance at present consists in a pro- 
posed arrangement for driving a fan which had previously been found 
to demand ao S-inch belt on a lO-inch pulley to run it 1275 Rpm. 
(The arc of contact here was 162°, bo that the apparent power, with 
a very tight belt, was 37^ horse-power; but about J of this was 
defective adhesion from running a rigid belt over so small a pulley.) 
It was thought desirable to avoid the fast-running countershafts, and 
drive this direct from an engine-pulley fly-wheel, by impingement, 
so to speak, of the belt on its tight side between the fan-pulley and 
another larger carrier pulley, against a portion of the periphery of 
the fly-wheel. 

If we suppose the force demanded, measured on the fan-pulley aa 
before, to be 40 horse-power — 1,320,000, and the fan-pulley to be 10 
inches diameter x 16 inches wide, and to run 1250 Rpm, 
1,320,000 ,.„ . ,, ^ 

- = 25.2 as the pull, P, 



Q each inch of width of 



1250 X ii 

tlie belt as it comes from the 10-inch pulley. By substituting thia 
value for P in equation (5), and then reduciug the equation to find 
the value for o°, we have a" = 65°, which is the angle of contact 
demanded to give the necessary adhesion. 

It will be noticed that thia angle is independent of the diameter 
of the fly-wheel pulley, it being only requisite that that diameter 
should be such as, with the given or assumed number of revolution^ 
will produce the given velocity. In the case taken for example, the 
fly-wheel pulley was 16 feet diameter X 16 inches wide, with 70 Rpm 
velocity. 

Aa we have before remarked, the sum of the two tensions on the 
belt is constant, whether the belt is performing work or not ; that ia, 

8=T,-\-T,\ h\itP^T.— T,. .■.T,=T,~P. .\S=ST,~P. 

As we assumed in equation (5) T to equal 66| lbs., we can substitute 
the value of P as in Table I., in the equation, S = 2 (66|)— P = 
133^ — P, from which it is evident that the sura of the tensions will 
vary with P or with the angle of contact It is evident, also, that 
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"the load upon the shaft proceeding from the teDsions T, and T, will 
be the resultant of whatever angle the belt makes with a line joining 
%he ceutre)^ of the two pulleys, or as the cosine of that angle. 

By constnictiDg oo paper a pair of pulleys, it will be readily dis- 
med that the angle in question for eotall pulleys ^ 90° — , and for 



urge and crossed ones, ^ ^ - 
lowing table : 



e can consequently form the fol- 



l fiTBENOTH OF LACING OF JOINT 66| POUNDS PER INCH WIDE, 

mtig, jiTst, the «tm of tensiong on both sides of a belt, per inch of 
r width, whether in nwtion or at rest, when strained to tranemil the 
tnaxtmum quantity of power in general practice; and showing, 
second, the load carried by the shafts and supported constantly by 
the journals per inch of width of belt, when the ares of contact vary 
t» the angles of 



It 


90° 


100= 


110° 


12r 


135= 


150" 


180° 


210'' 


240° 


270° 


101.' 

71.42 


LbB. 

es.63 

75.47 


B0.2G 
78.85 


94.15 
81.53 


LlH. 

91.27 
84.32 


Lbs. 
88.fiB 
S5.67 


LIB. 

84.32 
84.32 


Lto- 
80.81 
78.05 


LIB. 

78. 
67.59 


75.75 
53.56 



I an 



When machinery is driven by gearing, the shafts only carry the 
running wheels and the weight, and when the machines are thrown 
on, the friction of the lines increases with the work ; but with belts 
and pulleys the load on the line and its frictional resistance is con- 
fltant, whether the machinery works or lies idle. 

Of course, it is not proper to assume that the load produced by 
le belt on the shaft is exactly that given by the second line in 
Table III. ; but we can be safe in taking those weights as rarely 
exceeded, because belts begin to fail when they are ; and as rarely 
much less, because few of our machines are not worked up to their 
belt capacity. 

The advantages shown by the figures on all the tables, but espe- 
cially on the last, in those area of contact over 180° where crossed 
belte are used, have the substantial ground of practice, although 
many mechanics are unaware of the facta. The writer will instance 
a case of several heavy grindstones having from main to counter 
Unes 8-inch crossed belts on pulleys 3 feet diameter, running 120 rev- 
16 
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olutiona, only 8 feet ceutre to centre, where belts have already lasted, 
day and night use, 3^ years. For the same purpose, 6-iuch open 
belts were formerly used with an average duration of a few weeks 
only. 

Another use of a crossed belt is for long belte, the crossing effeo- 
tualJy preventing those waves which generally impair, if they do not 
destroy, such belts when open. 

Besides the actual jjower transmitted by belts, which it has here 
been attempted to embrace in a general law — the application of 
belting — both the manner and the purpose opens a field for dis- 
cussion far beyond the limits of the present article, the writer 
hoping that others will take up the subject, so that the published 
data of the mechanic may more Ailly ioclude the practice of the 
workshop and Jactory, 

Note to the above Article, 

162, The following addition to the preceding paper may aSbrd 
some facility in the use of the results. The figures are derived from, 
and the final results correspond to, the figures given in Table II. 

When the arc of contact of a t>elt upon the least of 2 pulleys 
which it connects is 

90" 100" 110° 120° 135° 150° 180° 210= 240° 270° 
then 

3900 3600 3400 3200 30O0 2825 2570 2400 2280 2190 

is the sum of the multiplication together of the inches of diameter 
of the pulley by the inches of width of the belt, by the number of 
Bpm which equal one horse-power. Or to make the use of this per- 
fectly clear we give the following rule : To find the horse-power of 
33,000 Its. lifted one foot high in one minute given out by certaia 
belt, pulley, and speed. Multiply the inches of diameter of pulley 
by the inches width of belt and by number of Rpm, and divide the 
result by the numbers given in the last line of figures as relating to 
the contact the belt has on the smaller of its pulleys, and the quo- 
tient will be the number of horse-power. 

Machine tools, lathes and t>oring tools, require to be belted 3 times 
as strongly as the average use in work, to overcome occasional resist- 
ance and Btarting frictions. 
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On the Adhesion or Leather Belts to Cast-iron Pulleys, 
by Henry R. Towne. 

163. The following experiments, underlaken at the inetance of 
Mr, Robert Briggs, had for their object to determine, in a satisfac- 
tory and conclusive manner, the true value of the co-efficient of fric- 
tion of leather belts on cast-iron pulleya. Thia result has, it is hoped, 
been attained, and in the preceding article Mr. Briggs has discussed 
at length the theory of the action of belts, and has also given prac- 
tical formulte in which the co-efficient of friction employed is that 
deduced from these experiments, which latter have been made with 
great care, and may, it is believed, be accepted as reliable. In order, 
however, Ibat all interested may judge for themselves of the correct- 
ness of the deductions made from them, we present herewith a com- 
plete tabular record of the experiments, which will also repay exam- 
ination as exhibiting several interesting and instructive tacts con- 
nected with the efficiency of leather belts. 

The experiments were made with leather belts of 3 and 6 inches 
width, and of the usual thickness' — about T^tba of an inch. The 
pulleys used were respectively of 12, 23g^, and 41 inches diameter, 
and were in each case fast upon their shafts. They were the ordinary 
casHron pulleys, turned on the taee, and, having already been in use 
for some years, were fair representatives of the pulleys usually found 
in practice. 

Experiments were made first with a perfectly new belt, then with 
one partially used and in the best working condition, and, finally, 
with an old one, one which had been so long in use as to have dete- 
riorated considerably, although not yet entirely worn out. The adlie- 
sion of the belts to the pulleys was not in any way influenced by the 
use of unguents or by wetting them — the new ones when used were 
just in the condition in which they were purchased — the others in 
the usual working condition of belts as found in machine-shops and 
factories — that is, they had been well greased and were soft and 
pliable. 

The manner in which the experiments were made was as follows : 
The belt being suspended over the pulley, in the middle of its length, 
weights were attached to one side of the belt, and increased until the 
latter slipped freely over the pulley; the final, or dipping weight, 
was then recorded. Next, 5 lbs. were suspended on each side of the 
belt, and the additional weight required upon one side to produce 
dipping ascertained as before, and recorded. This operation was 
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repeated with 10, 20, 30, 40, and 50 lbs., successively, suspended upon 
both sides of the belt. In the tables these weights, plus half the 
total weight of the belt, are given as the " equalizing weights " (T, 
in the formulie), and the additional weight required upon one side to 
produce slipping, is given under the head of " unbalanced weights ; " 
this latter, ^/iM the equalizing weight, gives the total tension on the 
loaded side of the belt (T, in the formulse). 

The belt, in slipping over the pulley, moved at the rate of about 
200 Fpm, and with a constant, rather thau increasing, velocity ; or, 
in other words, the iinal weight was such as to cause the belt to slip 
smoothly over the pulley, but not sufficient to entirely overcome the 
friction tending to keep the belt in a state of rest. In this case (i. e. 
with an excessive weight) the velocity of the belt would have approx- 
imated to that of a ialling body, while in the experiments its velocity 
was much slower, and was nearly constant, the friction acting pre- 
cisely as a brake. By being careful that the Unal weight was such 
as to produce about the same velocity of the slipping belt in all of 
the experiments, reliable results were obtained. 

It became necessary to make use of a weight such as would pro- 
duce the positive motion of the belt described above, as it was found 
impossible to obtain any uniformity in the results when the attempt 
was made to ascertain the minimum weight which would cause the 
belt to slip. With much smaller weights some slipping took place, 
but it was almost inappreciable, and could only be noticed after the 
weight had hung for some minutes, and was due very probably to the 
imperceptible jarring of the building. After essaying for some time 
to conduct the experiments in this way, and obtaining only conflicting 
and unsatisfactory results, the attempt was abandoned, and the experi- 
ments made as first described. 

In this way, as may be seen, results were obtained which compare 
together very favorably, and which contain only such discrepancies 
as will always be manifest in experiments of the kind. It is only by 
making a great number of trials and averaging their results, that 
reliable data c&n be obtained. 

The value of the co-efficient of friction which we deduce from our 
experiments, is the mean of no less than 168 distinct trials. 

It will be noticed, however, that the co-efficient employed in the 
formuise is but 1*5 of the full value of that deduced from the ex:peri- 
ments, the latter being 0.5853 and the former 0.4229. This reduo- 
tion was made, after careful consideration, to compensate for the 
excess of weight employed in the experiments over that which would 
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'just produce slipping of the belt, and may be regarded as safe aod 
reliable in practice. 

A note 13 made, over the record of each trial, as to the condition 
of the weather at the time of inakiug it — whether dry, damp, or 
wet — and it will be noticed that the adhesion of the belts to the 
pulleys was much affected by the amount of moisture in the almos- 
phere. It is to be regretted that this contingency was not provided 
for, and a careful record of the condition of the atmosphere kept by 
means of a hygrometer. The experiments indicate, clearly, however, 
that the adhesion of the old and the parti ally- used belts was much 
increased in damp weather, and that they were llieu in their maximum 
state of efficiency. With the new belts the iudieatloua are not so 
positive ; but their efficiency seems to have been greatest when the 
atmosphere was in a dry condition. 

Experiments were also made upon the tensile strength of belts, 
with the following results: The weakest parts of an ordinary belt are 
the ends through which the lacing holes are punched, and the belt is 
usually weaker here than the lacing itself. The nest weakest points 
are the ip/icM of the several pieces of leather which compose the belt, 
and which are here perforated by the boles for the copper rivets. 
The strengths of the new and the partially- used belts were found to 
l)e almost identical. The average of the trials is as follows : 

l'!Iliree-iiich belts broke through the lace-holes with 629 lbs. 

" " rivet " " 1146 " 

" solid part " 2025 " 

I These give as the strength per iiich of width. 

I, When the rupture is through the lace-holes 210 lbs. 

rivet " 382 " 

" solid part 675 " 

?he tbicko^s being ^ inch (=.219), we have as the tensile 
ingtb o^fiG leather 3086 Iha, per square inch. 

e above we see that 200 lbs. per inch of width is the ulti- 

pTtauce to tearing that we can expect from ordinary belts. 

^periments herein described are strikingly corroborative of 

aady on record, and this gives increased assurance of their 

Klity; and, although there is nothing novel either in (hem or in 

Vresults, it is hoped that they will prove of interest, and that an 

litnation of them will lead to confidence in the formulie which 

Biased upon them. 
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Three-lnoh New Belt. 
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Three-lnoh Belt — Partially Used and in Good Order. 
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CHAPTER Vri. 

EXPERIMENTS ON THE TENSION OF BELTS, 
MALE AT METZ IN THE TEAR 1834 

BY AKTHUR MOKIN. 

Translated by J. W. HiiirlNGEK, Membpr of the Frankliu Institute, PhUada. 

Dfitermination of the Natural Tension of Belts. 

164. There remaina, theD, nothiug more than to indicate Low 
we have been able, for each aeries of experimenta, witb tbe same 
relative disposition of the axes of rotation, witb the same hygro- 
metric state of the belt, to determine the sum of the tensions t and f . 

There are for this several simple means, but we have usually- 
employed the following. When the apparatus was in place, com- 
pletely set up and put iu motion, aod when we were tbua assured 
that the belt had sufficient tension to overcome the resistance, we 
(Commenced a series of experiments, during the contiuuation of which 
we did not change the distance of the axles ; the variation of the 
tension, or the lengthening of the belt, could then not take place, 
except by a state more or less bygrometrJc. The apparatus worked 
thua: the belt did not slip on the pulley, as long as the resistance 
offered by the journals waa not too great; but if, by not oiling, it 
happened that the resistance increased to such au extent that the belt 
began to slip, tbe shaft ceased to turn with continuity, and as the 
dynamometer showed, nevertheless, a curve of flexion corresponding 
to the difference of the tension at the moment ; we have to determine 
( and t' the two simultaneous relations: 



t = lfe 



(t—e)R = 



FL + 0.^3 + 0,0078 t + 0,0082 f,* 
determine t and f, and consequently 



by means of which 
( + ('= 2 T. 

It is by observations of this kind that one has usually determined, at 
each different position of the apparatus in relation to the wheel, the 
natural tension of tbe belt. Although the relative displacement of the 




^^B on 

I 
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axes would evidently exercise the principal influence upon the natural 
tensioD, neverthelesa we must assure ourselvea if the very perceptible 
vflriationg, which the hygrometric state of the belt proved, had not 
alBO a notable influence upon this tension, and to take it into account, 
if not with exactness, at least with a close approximatiou. This belt 
runs over the drum, d d, Fig, 69, close to the wheel, which we had 
taken the precaution to cover with a light roof, that it might not 
become too wet aud get out of centre ; but, as it passed very near to 
the wheel, it was not possible that, duriug the rapid movement of the 
latter, to prevent its becoming wet by the throwing ofi' of water 
which the floats constantly raised. Further, the belt, which at 
the beginning of each day was dry, or very nearly so, was at the close 
almost complet«ly wet. There resulted from this two different effects, 
which, relatively to the speed of the machine and to the employment 
of belts under like circumstances, nearly balanced each other. The 
first is, that the belt lengthened in such a manner that its natural 
tension diminished ; the second is, that the ratio of the friction to the 
pressure of the belt and the pulley increased notably, and con- 
sequently the limit at which the belt would slip was being reached by 
the first effect, and was receding by the second. 

It was necessary, then, at each of the observations made, to deter- 
the tension of the belt, to examine if it were dry or wet, in 
order to take into calculation the proper value of the relation,/,, of 
the friction to the pressure. 

Special Observations to Determine the Natural Tension. 

16S' There remain to be given the results of observations made, 
apply the preceding methods to different series of experiments, 
"which I shall do in order. 

The apparatus was completely set up, and began to work on the 
Sth of August, and, from that day to the 17th of the same month, 
inclusive, it occupied the same place; the belt was but little stretched, 
and it was frequently obser\'ed that when it was damp it slipped 
when the curve of flexion of the spring corresponded to the scale of 
with an effort of 26" ,50, brought to bear upon the circumference 
le pulley with a radius of 0",308, we have then 

FL ^ 36\50 X (r,30S ^ S,163, 
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By means of these statemenla we deduce from the two preceding 
equatioDS 

From the I8th of August the apparatus was moved a little further 
off, the belt was tighteued till the 28th, inclusive, the dry belt slipped 
when the curve of flesiou corresponded to the scale with au effort of 
36'',75, applied to the circumference of the pulley; we have then 

FL^S6',7o X (T, SOS = 11^19, • 
we had besides 

/, ^ O^SS (gee Table II.), 

the other statements are the same, and we deduce from the two equa- 
tions employed 

£' = aC.OS, I = 3,S5M' = Wfil, t + r=2 T= 10Cf,S9. 

From the 3d to the 7th of November, a time at which the abun- 
dauce of water permitted rae to recommence the experiments which the 
dryness and other occupations had compelled me to suspend, the belt 
being slack and damp, I found that it slipped when the curve of flex- 
iou indicated upon the scale of loss au efibrt of 17 kilogrammes 
brought to bear upon the circumference of the pulley ; we have then 

FL = n',00 X 0,SOS = S,S36, f, ^ 0,S77, 

from which we deduce 



(' ^ B'fil, I = 3,!43 i ^ 3&,S\ 



t + t'=3 T= 3^.31. 



From the 8th November to the 12th, inclusive, when the experiments 
were terminated, the belt having been overstretched by moving the 
axles too far off, we determined the natural tension by another means, 
employed at the beginning and at the end of the day, or, in other 
words, when the belt was dry and when it was wet, which is shown 
in No. 37 of Section III. of M, Poncelet's " Course of Mech." (See 
Art. 178.) The cast-iron shaft being stopped, and the sluice-gate 
closed in such a way that the least water possible could enter, we 
immediately placed upon the horizontal front (up-stream) float of the 
water-wheel the amount of weight necessary to drive the wheel and 
make the belt slip upon the cast-iron pulley; but as a little water 
passed continually, which rose to a, certain height on the wheel, it 
was necessary to repeat the experiment in au inverse order by placing 
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i weights upoD the horizontal back (down-atream) float, till the 
wheel moved again. By taking tlie mean reckouiug of the 2 weights 
we compensated the eSect of the water, because it acted iu ou oppo- 
site direction in the 2 cases, and we had nothing to do but to estab- 
lish the relation of equilibrium between the 2 weights, the friction 
of the wh«l upon its journals, and the diflereuce of tlie tensions at 
the moment of slipping upon the cast-iron pulley. Then calling ; 

S = the weight which turned the wheel, 

ii' ^= 1°,85, the mean radius, iuoiuding the floats. 

Ji"^0°',514, the mean radius of the pulley mounted on the shaft, 

including the half- thickness of the belt. 
N,^the pressure upon the journals of the wheel. 
J*"^0,08. the ratio of friction to the pressure for the journals and 

their bearings, with lard as lubricator, 
p ^ O^OS, the radius of the journals. 

Jtf =^1587 kilogrammes, the weight of the wheel and its shait. 
t, ff a and a' retain the same significations and values as below.* 



tWe bad at the moment of slipping 



M 



i 0,96(M—tcos.a — t'( 
and consequently 

(t—e)£:'+o.96f"Mf- 



^-"^ \^0,96M— 



■ 0,S96f"fp — 0^9SJ"k = SE. 



lie observations made when the belt was dry have shown that It 
slipped under the action of a weight of 

S^ IS kilogrammes ; 

we bad already (see Tables II. and III.) 

J, = 0^82, t=S,S54£, 

and we have deduced from the substitution in the above formula 

C z= 3J,*,78, t ^ 81'-^25, ( -f C = 12&',58. 

= the tension of the conducting atrip of the belt. 
= the tension uf the coriducled atrip. 

= 51°. a' t:^ 4.5°, the angles which these tensioDs, t and t', make respeo- 
tivety willi the verticaL 



» 
^ 
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Other observatioDS, made wheu the belt was wet, have given 
S ^= IS, 50 kUogrammee ; 
we had (see Tables II. and III.) 

/, = 0,-577, 
from which we deduced 

e = S7\85, I ^ 8T',50, t + i' = n5\S5. 

These last two series of experiments show that, when the belt is 
stretched tight enough, the difference of tension protiuced by 'the 
hygrometic lengthening is very little ; and taking the mean of the 
values of ( -f (', obtaiued under extreme circumstances, between 
which all the results of the same day necessarily come in, when the 
belt has passed successively from a state of dryness to that of complete 
saturation, we see that the difference of this mean ( + ('= 115',96, 
for each of the extreme values, is only about ^^5 of its real value. 

This result is sufficient for the calculation of our experiments, 
it shows that having determined the sum of the tensions in 
the case when the belt was dry, or iu that wheu it was wet, it will 
be allowed, without fear of an appreciable error, to regard it as 
very nearly cnnstAut and equal to the value found in cue or the 
other case, which dispenses with many special observations. 

But there are more, and it is easy to see that, in our apparatus, and in 
consequence of its dimensions and use, a considerable variation in the 
tensionofthebeltcouldhaveonly a very slight influence in many cases. 

In effect, the formula (see note on page 237), 

comeback .0 FL+fN-y=JNr, 

FL ^ 0,96 JQt — 0,96 Jpr'— (0,915 1 + 0,961 (') ifT'—fr), 
in which it is evident that the influence of the terms t and i will be 
as much less as / and r shall differ less than f'r', aud it would be zero 
if we had /'^/ and r'^^r, which is, however, evident a priori. Now, 
in many experiments, r does not differ from ¥ but by |, and for all 
cases where the surfaces are oily we have, very nearly,/^/'. 

This observation shows that, if it be necessary to take the results 
of experiments on the tension of the belt into calculation, the slight 
variations which it can show, in consequence of its hygrometrio state, 
are without notable influence, and that it is sufficieut to have deter- 
miued the natural tension fur each position at some time during the 
series of experiments, as I have done. As to the rest, one can assure 
himself directly that in admitting, in the natural tension, a variation 
g to I, which much exceeds what observation has shown, the value of 
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le ratio / given by tlie formula below * would not cbaiige ^'g, whicb 
may be disregarded by compariaou with the real difiereoee which 
resistance offers. 

The result of values fouud at different times for the natural ten- 
sion of belts which we have employed for the calculation of the ratio 
of friction to the pressure. 

, From the 6th to the 17th of August, included, the Ibrmula 
FL+ 0,866 
^ ~ (0,96 Q + 58,10 )r 
[from the 18th to the 28tb of August, iucluded, the formula 
FL + 1^20 
9,96 q + 94,63 )T 
From the 3d to the 7th of November, iucluded, the formula 
FL+ 0,711 
■'~{0,96Q + 3S,00)r 
rom the 8th to the 12th of November, included, the formula 
FL + 1 ,341 
{0.90Q+ 10S,77)T 

Q ^llie total chargp of llie ttliafc, including itii own weight, (hat of all the 
dynamonietriu apparatus of tlie puUej of thejourtiuls, and of tbc dixcH. 
p = 50 t, the weight of the piillej. 
f ^the teoBion of the spring. 

i^^ita lever-arm, in relation to the axle of the nhall. 

B = 0^,308, the exterior railiuB of the pulley, including the liaif tliichness 
of the belL 
^ the radius of tlie jonrnola. 
= 0",06, the radiiiB of the eye of the pulley. 

^ the rado of the friction to the pressure for the journal and the box. 
'f'^lhe same ratio Ibr the iron eye of the pulley and the cast-iron shaft. 

We have found it equal 0,144. 
N=^ the preaenre enercised by the jouraa.]!) of the ehaft upon their bearings. 
N'^liie pr(*Bure exercised by the pulley upon the ahaft. 
It is eaxy to nee, front what we have said above, that between Ihe tensions t 
and I', the tension F of the spring, and the friction of the pulley upon the shaft, 
one will have the relation 

(( — (') R=^FL+/'N't'; 

and that between the friction of the journals upon their boxes, the tension F of 

the spring, and the friction of the eye of the pulley on the shaft, one will have 

FL-\-f'N'T'^/Nr; 

FL + f'N'r' 



f = 



P 



"hence we deduce 



Nr 
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Verifications of Two Theorems Employed to Prove the Praoeding 
Formula. 

166. By means of the formuSte wbich I have just given, it is 
easy to calculate the results of experiment, but they are based, as we 
have seen, upon two mechanical theorems, which, although based on 
principles exempt from all supposition of agreement with the manner 
in which belts ought to act, appear to me to need the proof of experi- 
ment in order that the deductions which I have made might be 
guarded against all uucertainty. This induced me to make special 
experiments upon the friction of belts upon wooden drums and cast- 
iron pulleys, and upou the manner in which their tension varies from 
wood to iron. I will give an account of them by commencing with 
th. 



Experiments upon the Slipping of Belts upon Cast-Iron Pulleys. 

167. Three wooden drums, with diameters of O^SSe, 0°'.408, 
O'°,100, were successively employed for these experiments. They 
were placed horizontally in a fixed position in such a manner that 
they could uot turn, and over them was passed a belt of black curried 
leather, almost new, but having acquired a certain softness by the 
use which we had made of it in the previous experiments. It* 
breadth was 0°',0.50, with a thickness of 0"',0053 ; its rigidity appeared. 
BO feeble, that we were justified in disregarding it, in its ratio to the 
friction on the surface of the drum. The two strips of the belt hung; 
vertically in equal portions on each Bide of the drum, and to each 
one of them was attached the platform of a balance to receive the 
weights. The belt weighed 2',295, each platform of the balance 
0*,229, consequently the weight of each strip of the belt of equal 
length was l',376; the arc embraced was equal to the semi-circum- 
ference ; we then placed equal weights into each platform, then 
gradually added to one of them weights enough to make the belt 
slip on the drum. We see, by this, that the tension C of the ascend- 
ing strip was equal to l',376, plus the weight contained in the cor- 
responding platform, and that the tension t of the descending strip 
was equal to C plus the weight added above the first load. Finally, 
the slipping of the belt took place perpendicularly to the fibres of 
the wood. 
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Experimenh upon the Friction of Beits upon Wooden Drums. 
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1 


hi 


ffmiu 
Bklt. 


COKDITIOK 

OF Bklt. 


D|4»- 


ABCt-M- 


TENBION 


lUTO 
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1 
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BB.CGU. 


SISIP. 


MirtOK. 
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1 




J, 




M 


U 


EltoRram. 


.3o"f76' 






1 


0,050 




0,836 


1,313 


6,376 


0,497 


■ 


^^ 


2 


0,060 




0,836 


1,313 


6,376 


29,376 


0,486 


■ 


■ 


3 


0,050 


Dry, or 

aomewlittt 
uuctuoua. 


0,836 


1,313 


6,376 


29,876 


0,492 


■ 


■ 


4 


0,050 


0,836 


1,313 


16,376 


75.876 


0,488 


1 


■ 


5 


0,050 


0,836 


1,313 


16,376 


69.526 


0,460 


1 


■ 


6 


0,050 


0,836 


1,313 


16,376 


68,676 


0,458 


1 


■ 


7 


0,050 




0,836 


1,313 


11,376 


60,376 


0,473 


1 


1 


8 


0,050 




0,836 


1,313 


11,376 


43,376 
Meau.... 


0,426 




0,472 


1 


9 


0,050 




0,408 


0,640 


6,376 


26,876 


0,472 


■1 


■ 


10 


0,050 


Dry, or 


0,408 


0,640 


6,376 


31.376 


0,4.58 


1 




11 


0,050 


Bomewhttt 


0,408 


0,640 


6,376 


28.676 


0.507 




1 


12 


0,050 


unctuous. 


0,408 


0.640 


16,376 


63,876 


0,479 


1 




13 


0.050 




0,408 


0,640 


16,376 


63,876 
Mean.... 


0,433 


1 




0,462 




14 


0,050 




0,100 


0,157 


6,376 


33,.376 


0,526 






15 


0.050 




0,100 


0,157 


6,376 


34,376 


0,541 


' 




16 


0.050 


Dry, 


0,100 


0,157 


11,376 


41,376 


0,411 






17 


0,050 


somewhat 


0,100 


0,157 


11,376 


44,876 


0,438 


I 




18 


0,050 


unctuous. 


0.100 


0,157 


11,376 


42,876 


0,422 


1 




19 


0,050 




0,100 


0,157 


16,376 


73,376 


0,477 






20 


0,050 




0,100 


0,157 


16,376 


76,436 
Mean.... 


0,490 






0,472 


21 


0.028 




0,836 


1,313 


5,401 


32,401 


0,570 




22 


0,028 




0,836 


1,313 


5,401 


32.901 


0,575 




23 


0,028 


Very dry 
aud rough. 


0,836 


1,313 


10,401 


51,901 


0,512 




24 


0,028 


0,836 


1,313 


10,401 


47,401 


0,483 




25 


0,028 




0,836 


1,313 


16,401 


62,401 


0,446 


1 


26 


0,028 




0,836 


1,313 


16,401 


61,901 


0,443 




1 












Mean.... 


O,.504 
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^ 


^ ^ 
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Observations on the Results contained in the Preceding Table. 

IGO, In comparing wUb eat-h other the values of the ratio/, of 
the friction with the pressure of the belt upon the surface of the oak 
drum deduced from the formula 



in which — expresses the semi-circumference of a circle equal to n 

3,141^, where the logarithma are those given in tables, which brings 
ua back to the form 

J,^0,73Shg.\„ 



under which it has been employed in the calculations, we Bee that 
these values are sensibly constant, and tbat the particular mean de- 
duced from each of the first three series is the eame at ^'j nearly, 
although the extent of the arc embraced, or the diameter of the 
drum may vary in the proportion of 8 to 2 and to 1, about, and 
that the tensions may have nearly reached the limits usually given 
to belts in machines. These three series of experiments plainly con- 
firm, then, the theory adopted and assigned to the ratio /, of the fric- 
tion to the pressure for new belts, but soft and even, slipping upon 
oak drums perpendicularly to the fibres of the wood, the mean value 

This value, deduced from twenty experiments, is much less t 
was concluded from the experiments of 1831, which gave us 
value 0,74 a^ the ratio of friction of smooth surfaces of curried 
leather upon oak, the movement being parallel to the fibres of the 
wood, and after a prolonged contact ; but the compressed state of the 
leather being entirely different in the two cases, it appears to me 
that this display of results is not surprising. 

As to the fourth series of experiments contained in this table, i 
which relates to the friction of a belt entirely new and very rough, 
which for more than 8 years dried in a garret, they assign also to 
^ the ratio /, a constant value but a little more than the preceding, 
\whieh can, without doubt, be attributed to the condition of the rub- 
Biiug surface of the leather. We will observe, besides, that this belt 
hauVinly a breadth of 0°" ,028, or about half the size of the preceding. 
This Aaet series confirms, as to belts, the law of the independence of 
surfaced. 
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J70. Table No. II. 1 


Experiments upon the Friction of Curried Leather Belts upon Cast-Iron | 




Pulleys. 
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b2i.t. 


Coif- 


DIAM- 




TE».,0» 


BATIO 


OBSEBVATIOIIB. 




LKNoni 

ABC EH 


or A9- 


opDe- 




a 










"^^'! 


Moi^S." 


9URK. 








M. 




M. 


M. 


K. 


K. 








1 


0,050 


Dryor 


0,610 


0,968 


6,376 


13,476 


0,238 








2 


0,050 


0,610 


0,958 


6,376 


16,776 


0,308 


This bflt «u old, 
■ad had long hmn 






3 


0,050 


what 
uuct- 


0,610 


0,958 


6,376 


15,776 


0,288 






4 


0,050 


0,610 


0,958 


16,376 


29,276 


0,301 


S '••■'""■■ 






6 


0,050 


0,610 


0,9.58 


16,376 


40,376 


0,282 








6 


0,060 




0,610 


0,958 


16,376 


37,376 
Men.. 


0,262 






0,279 




7 


0,050 


Dryor 


0.610 


0,958 


6,376 


16,000 


0,300 








8 


0,060 


0,610 


0,958 


11,376 


27,876 


0,285 


This belt iTBa Dew, 






9 


0,060 


what 
unct- 


0,610 


0,958 


11.376 


25,876 


0,271 


plojfd but H -iwj 






10 


0,050 


0.610 


0,968 


16,376 


36,376 


0,264 


^ctZnV journalL 






11 


0,050 


0,610 


0,968 


16,376 


36,376 


0,254 






12 


0,050 




0,610 


0,958 


26,376 


72,876 
Mesn. 


0,323 






0,281 




13 


0,050 


Drjor 


0,110 


0,173 


6,376 


14,376 


0,259 








14 


0,050 


0,110 


0,173 


6,376 


18,376 


0,336 


The puller h*i 
been lurnea, Bnd 
ila breiuitb «Ba only 
I>',(l3,whlcb reduced 






15 


0,050 


what 

UDCt- 


0,110 


0,173 


11,376 


26,876 


0,273 






16 


0,050 


0,110 


0,173 


11,376 


30,876 


0,318 






17 


0,060 


0,110 


0,173 


16,376 


36,876 


0,259; athrb.it lo"^;^: 






18 


0,060 


U0U8. 


0,110 


0,173 


16,376 


36,876 
Mean. 


0,259 






0,284 




19 


0,060 




0.610 


0,958 


11,376 


30,876 


0,317 








20 


0,0.50 


Humid 


0.610 


0,958 


6,376 


19,876 


0,361 








21 


0,050 


aDd 


0,610 


0,958 


6,376 


19,876 


0,361 








22 


0,060 


much 


0,610 


0,958 


16,376 


61,876 


0,366 








23 


0,060 


wet. 


0,610 


0,958 


16,.376 


67,876 


0,401 








24 


0,060 




0,610 


0,958 


21,376 


90,376 
Mean. 


0,458 






0,377 


P 


18 

1 








r 


1 


ta 


■ 


k 
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Experiments upon Curried Leather Belts upon Cast-Iron Pulleys. 

171, The experiments upon the friction of curried leather bells 
upon caat-iron pulleys were made \a a like mauner as the preceding. 
The pulleys employed were, first, that of the apparatus described in 
No, 1 and following, whose breadth of O^.tO was double that of the 
belt. Ita surface was slightly couvex, and had not been turned afler 
being cast, but it was nearly a true circle, with a diameter of 0°,610. 
Secondly, a little pulley, having a diameter of 0",110, and a breadth 
of 0" ,030, and consequently narrower than the belt, which, having a 
breadth of O-.OSO, projected 0°',010 at one aide or the other : its sur- 
face, turned and polished, was slightly convex. 

The belt waa then used dry, aud in an unctuous state, as it was 
left by the tanner, with two dry puUeya, then entirely saturated with 
water, and the large pulley also wet The other data of exper- 
iments and the arrangements of the table are shown tjic same as in 
preceding experiments, and it is superfluous to enter into further 
details. 



ObservationB upon the Results contained in the Preceding Table. 

172. The examination of the results stated in the preceding 
table completely confirm those of Table I,, and the theory adopted. 
We see that, in effect, as well as in extent of the arcs embraced, 
the diameter of the pulleys may vary nearly in the ratio of 6 to 1, 
the breadth of the belt pressing upon the pulley in that of 2 to 1, and 
the tension in that of 1 to 3 on the one part, and of 1 to 6 on the 
other, the value of/, remained sensibly constant and in the mean 
equal for the dry belt upon dry pulleys, let 

/,= 0^8$. 

rell as the pulley, the ratio increasea and 

/,= 0,577. 

These are the two values which we have adopted at the beginning of 
this essay and following for the calculation of the tensions of tbe belt 
in our apparatus. 

By recapitulating the results of these two series of experiments 
upon the friction of belts upon wooden drums, or upon cast-iron 
pulleys, one can see that we are justified in concluding therefrom 
that the ratio of this resistance to the pressure is : 

IsL Independent of the breadth of the belt, and of the developed 



When the belt is wet, j 
becomes in the mean 
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length of the arc embraced, or of the diameter of the drum, or what 
amounts to the same thing, independent of the eurface of contact. 

2d. Proportional to the angle subtended bjf the belt at tlie Hurfece 
of the drum. 

3d. Proportional to the logarithm, Naperian or hyperbolic, of the 
ratio of the tensions of the two strips of the belt. 

Experiments upon the Variation of the Tension of Belts : 
Description of the Apparatus. 
173. Let us now pass to the exiwrimeuls which have had for 
heir end the veriticatioa of the law of the variation of tension of 
' belts, upon which are partly founded the formulie employed in the 
calculation of the experiments upon the friction of journals (or axlesj. 
To make them, I placed vertically alwve the asle of the water- 
wheel and of the pulley, mounted on its shaft, a cylindrical oak 
, drum, with a diameter of 0'°,836, and whose axis was about 3 metres 
a that of the wheel. Around this drum, d' df, and of the pulley, 
i d (Fig. 69), I passed a belt ; but, instead of its being one single 
I piece, it was in two parte joined, near each end, by one of tlie 
djoamometeis of the power of 200 kilogrammes, with a movable 
plate and style which are desciibed in Article 179. These dynamom- 
eters were easily placed in such positions that that of the descentl- 
I ing strip was near the upper drum, and that of the ascending strip 
J near the lower drum, in such a manner that the lielt could move 
t over an extent of nearly 2 metres without a risk of the dynxiBome- 
t ters entangling themselves npun the drums. 

A thread, rolled several times around the circumference of one of 
the grooves of the plate of each of the dynamometers, and fastened 
at the other end to a fixed point, compellcl this plate Ut turn when 
the apparatus was in motion; and, if the displacement was only in 
proportion to the extension of the belt, we turned the pUle with lh« 
hand trj obtain a complete trace of the curve. 

This trace was beside* obtained, as told in the account given, by a 
style with a tube and capillary orifice ineesmntly pttmei by a ipring 
upon the sheet of p«per wbith the plate ccrrud. 

The belt being pamed over the two drum*, tbe teninoD of the >tii|« 
of the belt was varied, in other direction, Ijy MMpendiog from tbe 
exterior circamfcrenee of tbe upper drum a plale,;>, wbieb we loaded 
with wcdgbl>> The natural or prirailire tewri/fU was inoTUMed by 
bringing tbe cads of tbe belt near u> each other, or by Nbortenuig it 
before 
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"The machioer}' being thus prepared for taking observations, before 
loading the plate, p, we traced the two curves or circles of curvature 
of each of the dynamometers, iu order to find their tension, or that 
of the belt in repose, and to obtain by their sum the double of the 
uatural tension. One can understand, besides, that, in consequence 
of the movement which had taken place in ons way or another, and 
■which had necessarily put iu play the passive resistances of the forces, 
these two tensions could never be equal ; but this is of little conse- 
queuce, since we only want their sum. This done, we placed upon 
the plate a weight, which, being suspended from the circumference 
of the drum by a cord of a diameter equal to the thickness of the belt, 
had consequently the same lever-arm as the tensions. The strip of belt 
opposed to this weight tightened, and the strip placed on the same side 
relaxed, and we traced new lines of curvature of the dynamometers. 

One could, ^^eaides, for a same natural tension, mak^f different 
series of experiments, including the motive weights, und* the action 
of which the belt slipped on one or the other drum ; aud, as one also 
liad the opportunity to let the two axles turn during a certain time, 
under the action of the developed tensions, one can see that the 
experiments would take in the three cases in practice, namely: that 
of the variation of tensions before the movement was produced, that of 
this variation during the movement, and finally that of the slipping. 
It is not necessary to add that each one of the dynamometers had 
been tested* separately, and by gradually attaching equal weights to 
them, which determined the curvature whose trace we had preserved, 
we had obtained an exact scale of loss,t which served to estimate the 
corresponding tension at each curve of flexion traced in the experi- 
ments. 

These preliminary observations, made and repeated with care, 
have shown that one of the dynamometers increases by flexion 
0" ,00292, and the other O" ,00323, for each kilogramme of increase in 
the weight which was attached to it. It was then easy, in each case, 
by comparing the diameters of the curves of flexion obtained with 

*This word, in the original, is larS, which means " spoiled, injured, ruined;" 
but lu oeitlier of thexe would answer here, I hare subntituted "tesled," as com- 
ing nearer the technical meaning. The word larer is "to spoil, to injure," bnt 
means also lo bring an article into equilibriura before weighing it; hence we 
taaj decide that the dynamometers were brought into equilihrium^were regu- 
lated or graduated before thej were used. 

tThe words "an eitact reale of loss," by good authorities, correspond to the 
original, wiiich are eschelle de tare ecotte, and, in a technical sense, may be strained 
to mean a measure of the error by which lo make proper allowance on the record. 
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Tb« 4th the teiuion of the flack strip. / of flexion with the 

) scale of loes. 
Tbe 5th ibrjWB the sum of the two teodoos, or the double of the 
OMaral teiuion. 

Oburvationa upon the Results contained in the Tables. 

J7/f> III examising the results contained iu Table IIL, we see 
that the Snt line of each series of experiments corresponds to the 
ctwr where the additional weight p was zero, and where each strip 
took the tension corresponding to the distance of the axles from each 
other, "niew tensions are not equal on account of the inevitable 
uclion of passive resistances brought into play, but they differ very 
little [from each other] in other respects. lu proportion as the 
weight suspended from the drum increases, the tension of one of the 
strips iucreases, and that of the other diminishes, but in such a man- 
ner that their sum remains constant, as the fifth column of the table 
Hhows. 

These results, which completely confirm the theory established by 
M. Poucelet, besides relating to tensions whose sum rose as high as 
90 kilogrammes and more, the highest of which showed as high 
us 77 kilogrammes, and tbe smallest diminished to 5 kilogrammes, 
eomprise nearly all cases of practice, and show that this theory can, 
with surety, be applied to the calculation of all machines driven by 
bolts. 

We ought then to regard as demonstrated, both by theory and 
practice, that in the transmission of motion from one axle to another, 
by tbe aid of endless belts, that the sum of the tensions remains con- 
Btant, be it, nt the moment of passing from rest to motion, or during 
■notion, fiunlly, be it at tbe moment when the belt slips upon one of 
tbe (IniniH. 
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We have deduced these statements from experimenta Noa. 3, 13, 
and 19. 

J =0^78, f ^0,596, f =0,544, 

whose mean /^ 0,539 exceeds by about ^ the value deduced from 
direct experiment upou the new belt employed in the experiments 
upon the friction of journals, and y^.t °^ ^^^^ which was deduced 
from the experiments upon a very rough new belt 

Tension that can, with Security, be Applied to Belts. 
177' I will add that the examiuatiou of the condition of belts, 
after these experiments, and after those relating to their slipping on 
the surface of the drum, has shown that they had undei^one no 
apparent change, although the small belt, with a breadth of 0°',028 
and a thickness of O^jOCS, might have supported a strain of 62 kilo- 
grammes, or 2',25 per square millimetre of a section, and that the 
belt employed in the last experiment, which was very old and very 
much worn on the edges, with a breadth of 0",050 and a thickness 
of 0°',004, was for some time subjected to a strain of 97 kilogrammes 
or of 2',06 per square millimetre. We see, then, that in practice 
belts can be subjected to a strain calculated at the rate of .2 kilo- 
grammes per square millimetre* of their section, and that their thick- 
neae being besides usually limited from {r,004 to O^.OOS when they 
are no longer doubled, one can determine the dimension that it would 
be proper to give them, and beyond which there would be no advan- 
tage in increasing their width out of proportion, as is sometimes done. 

Experiments upon the Variation of the Tension of Endless Cords 
or Belts used in Transmitting Motion. — From " Morin's 
Mechanics," D. Appletan &. Co., N. Y., I860, 

17S. "We pass now to an experimental proof of the theory 
given by M. Poncelet, upon the transmission of motion by endless 
cords or belts, and will first give a description of its nature, 

" When a cord or belt surrounds two pulleys or drums, between 
which it is designed to maintain a conjoint motion, care is taken to 
give it a sufficient tension, which is usually determined by trial, but 
which it would be best to calculate, as we shall see hereafter. The 
primitive tension is, at the commencement, the same for both parts 
of the belt, and this equality, established in repose, is only destroyed 

* Tlie practical role given by Coulomb, Bies the limit of the strain that can, 
with secnrity, be given to a thread of rope-yarn at 40 kilogrammeB, which comee 
very near to 3',70 pec square millimetre. 





Fif. 70. 



EXPEKIMENTS OP A. UOBIN. 249 

by the friction of the axles, which may act in either direction, accord- 
iDg to that of the motion of the pulleys. Let us examine how this 
motion is transmitted in such a. system. Let C (Fig. 70) be the motive 
drum ; C the driven drum ; T, the primitive teusion common to the 
parts A A' and B B' of ihe belt, from the 
moment wheu the drum C begios to turn 
until It coraineuces to turu the drum C. 

" The point A of primitive contact of the 
part A A' advances, in separating from the 
point A', in the direction of the arrow; the 
strip A A' is stretched, and its tensiou in- 
creased by a quantity proportional to this 
elongation, according to a general law proved 
by experiment upon traction. At the same 
time the point B of contact of the part B B' 
approaches, by the same quantity, towards 
the point B', so that the portion B B' is di- 
minished by a quantity equal to the increase 
of that of A A'. If, then, we call T the tension of the driving por- 
tion, A A', at the instant of its being put in motion ; T' the tension 
of the driven part, B B' ; ( the quantity by which the primitive ten- 
sion, Ti is increased in the portion A A', and diminished in the part 
B B', we shall have 

2"= T, +t, and T' ^ T, — (, 
and, consequently, 

T+r = 2T,. 

"Then, at any instant, the sura of the two tensions, T and T, ia 
constant, and double the primitive tension, 

" Now, it is evident that, in respect to the driven drum, C, the 
motive power is the tension, T, and that the tension, T', acts as a 
resistance with the same lever arm, so that the motion is only pro- 
duced and maintaiued by the excess, T — T, of the first over the 
second of these tensions. 

" If the machine is, for example, designed to raise a weight, Q, 
acting at the circumference of au axle with a radius, R', it is easy 
to see, according to the theory of moments, that, at any instant of a 
uuiform motion of the machine, we must have the relation 

H being the pressure upon the journals and r their radius. 
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"lite pressure ia easily determined ; for, calliog a the angle formed 
by the directions A A' and B B' of the belts with the line of tho 
centres, C (T, M the weight of the drum, we see immediately that 



JV^ ■•[if + § + (. r— r J «n. a]* + I r+ T'J «w.* a. 

an expresion which, according to the algebraic theorem of M. Pon- 
celet cited in No. 227* has for its valne to j- nearly ; when the first 
term under the radical ig greater than the second, 

.V^ 0.96 [If + Q+(T~r) sin. a] + 04 {T+ T) etu. a. 

"This value of N being introduced into the formula for equality 
of momenU, we have a relation containing only the valu^ of the 
resistance, Q, and of the tensions. But aa it may be somewhat cam- 
plicated for application — obser\'ing that in most cases the Influence of 
the tenHioQs T and T upon the frictions will be so small that it may 
be neglected, at least in a first approximation — we proceed as follows : 

" First, neglecting the influence of the tensions upon the Mctioa, 
we have simply, in the actual case, 

and, consequently, 

(r-7-)-B=«-B'+/(-»f+«)': 

whence we deduce 



B 

which furnishes a first value for the difference of tensions, which is 
the motive power of the apparatus. 

" But this is not sufficient to make known these tenfiiuns, and it i 
necessary to determiue the primitive tension, T, so that in no < 
the belt may slip, 

" According to the theory of M. Prony, we have, at the instant of 
slipping, between the tension T and T, the relation 

T= r X 2,718 +f'^ r = K r, 

the number K being the quantity depending upon the nature and con- 
dition of the surfaces of contact as well as upon the angle -r embraced 
by the belts upon the drum, C. These quantities are known, and 
• See "Moriii's MecJianics," p. 266, D. Appltton & Co., 1 
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we may in each caae calculate the value of K. b; thia formula, or 
take it from the table on p. 122, which answers to nearly all the 
cases in practice. 

■' By means of this table we have, then, the value of T = Kl", and 

consequently 

T— r={K—i) r=Q, 

Q representing the greatest value which the difference of tensions 
should attain, to overcome tbe useful and passive resistances. 

''From this relation we may derive the smallest tension to be 
allowed to the driven portion of the belt, to prevent its slipping. 

" We thus have 



^P^We should increase this value by -,'^ at least, to free it from all 
hazard of accidental circumstances, and to restore tbe account of the 
influence of the tensions upon the friction, which was neglected. 
"This established, we have 

9 



T=Q+-, 



and consequently 



% = 



T+T ' _ lK+1 
3 ~2K—1 



Q. 



^H^AII the circumstances of tbe transmission of motion will then be 
determined. 

" If these first values of T, T and T, are not considered as suffi- 
ciently correct, we may obtain a nearer approximation by introducing 
them in the value of the pressure N, and thus deduce a more exact 
value of Q, which will serve to calculate anew T, then T and Ti." 

Dynamometer Attaohments. 

179m "Around this drum mid the pulley was passed a belt, which, 
instead of being in one piece, was in two parts, joined at each end by 
a dynamometer with a plate and style, of a Ibrce of 441 lbs. More- 
over, these dynamometers were easily secured in positions, such, that 
that of the descending portion of the belt was near the upper drum, 
and that of the ascending near the lower drum. Thus the belt 
could be moved over a space of 6,56 feet without the risk of the 
instruments being involved with the drums. 
("A thread, wound several times around the circumference of one of 



^^^■|"A thread, v 
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the grooves of the plate of each of the dynamometers, and attached 
by the other end to a fixed poiot, caused the plat« to turn wheti the 
apparatus was in motion, and the paper with which the plate 
covered received thus the trace of the style of the dynamometer, 

" The belt being passed over the two drums, the tensions of the parta 
were varied at will, in either direction, by suspending at the circ 
ference of the upper drum a plate, p, charged with weights. As to 
the primitive tensioD, it was increased by bringing nearer together 
the ends of the belt, or in diminiBhing its length before the experi- 
ment 

" The apparatus being thus prepared for observations before loading 
the plate, p, we traced the circles of flexion of each of the dyna- 
mometers, eo as to have the tensions of the belt at rest, and to obtain 
by their sum the double of the primitive tension, T,. We may con- 
ceive that these two tensions can never be quite equal ; but that is not 
important, inasmuch as we have to deal only with their sum. 

" This obtained, we load the plate with a weight which, being sus- 
pended upon the circumference by a cord of a diameter equal to the 
thickness of the belt, has the same lever-arm as the tensions. That 
part of the belt opposed to this weight is stretched, and the part on 
the same side is slackened, and we trace the new curves of the flenion 
of the dynamometers. 

" For this same primitive tension we may make a series of experi- 
ments up to the motive weight, under the action of which the belt 
slides upon either drum." 




The Transmission of Power by Wire Ropes, by W. A. Roebling, 
C. E., Trenton, N. J. 

ISO, "The ■use. oj a round endless wire rope running at a great 
velocity in a grooved sheave, in place of a flat belt rHnntnp' on a fiat- 
faced pulley, eongtitvies the trangmission of power by wire ropes. 

" The distance to which this can be applied ranges from 50 or 60 
feet up to about 3 miles. It commences at the point where a belt 
becomes too long to be used profitably, and can thence be exteuded 
almost indefinitely. 

" In point of economy it costs only -jlj of an equivalent amount of 
belting, and the j^^ of shutliDg. . . . 

"The range in the size of wire ropes is small, varying only from 
I to I inch diameter in a range of 3 to 250 horse-power. 

" In regard to cost, the ropea are the cheapest part of a tranBmis- 
sion. For instance, a No. 22 rope — conveying, say 25 horee-power 
— costs 8 cenia per foot, whereas an equivalent belt costs about 21.40 
per foot. . . . Their duration is from 2 j to 5 years, according 
to the speed. 

" For the smaller powers it is advisable to take a size larger, for 
the sake of getting wear out of the rope ; although it must be borne 
in mind that a larger rope is always stiSer than a small one, and 
therefore additional power is lost in bending it around the sheave. 
An illustration of that is seen in the case of the 14-feet wheel in 
the table (page 255), where a g rope gives less power than a | rope, 
simply because it is so much stifier. 

" Ropes for this purpose are always made with a hemp core, to 
increnae their pliability. 

" It is often requireil to convey the entire power of a certain shaft 
which is driven by a belt of a given size. In such a case a simple 
rule, agreeing with the average result of practice, is, that 70 equare 

it of belt surface are equal to one borse-power. 

253 
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"Take, for example, a belt 
1400 Fpm ; then the horee-power = '"^C'7"^ = 20 ; and 
to the table we find the diameter of the wheel correeponding to this 
boree-poner, and making the same number of revolutions that the 
belt-pulley does. 

Distance of Transmiitlon. 

" The wire rope transmission table is arranged for distances ranging 
from 80 up to 350 or 400 feet in one stretch. For a single stretch 
exl«Dded to, say 450 feet, where do opportunity is pr^ented for put- 
ting in an intermediate station, we must use a rope one size heavier ; 
and in a case where there is not sufficient head-room to allow the rope 
its proper sag, and it has to be stretched tighter in consequence, we 
must also take a rope one size heavier. 

Short Transmission. 
" Whenever the distance is less than 80 feet, the rope has to be 
fltret4!hed very light, and we no loDgcr depend upon the sag to give it 
the requisite amount of tension. Here we must take a rope two sizes 
heavier than is given in the table, and run at the maximum speed 
indicated. It Is also preferable to substitute in place of the rope 
of 49 wires a fine rope of 133 wires of the same diameter, which pos- 
sesses double the flexibility, runs smoother, and lasts longer. In 
fact, the substitution of a fine rope for a coarse one can be done with 
advantage in every case in the table where the size admits of it. 

Splioei. 
" Both kinds of rope are spliced with equal facility. The splices 
are all of the kind known as the long-splice ; the rope is not weak- 
ened thereby, neither is its size increased any, and only a well-prac- 
tised eye can detect the locality of one. 

Relative Height of Wheels. 
"It is not necessary that the two wheels should be at the same 
level, one may be higher or lower than the other without detriment; 
and unless this change of level is carried to excess, there need be no 
change in the size of wheel or speed of rope ; the rope may have to 
he strained a little tighter. As the inclination from one wheel to 
another approaches an angle of 45", a different arrangement must 
, as will be shown hereafter. 
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Table of Transmisdon of Power by Wire Rope*. 
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ROPE TRAKSMISSION. 

Deflection op Sag or the Ropet. 

" In the following illustration the upper rope \e the pulling rope 
and the lower one the loose following rope. When the rope ia work- 
ing, the tension, T, in the upper rope, is just double that in the lower 
rope, hence the latter will sag much lower below a horizontal line 
than the upper one. 

"When the rope is at rest, both ropes will occupy the position, 
indicated by the dotted line, and will have a uuitbrtn tension. 

" The best way in practice is to hang up a wire in the poshioo the 
rope is to occupy at rest ; that has to be done in any case, is order 




Fig. 71. 

to get the length of rope needed. Then hang it so that the deflec- 
tion, D', below the horizontal line, is about ^g of the whole distance 
from wheel to wheel. The deflection, D, of the upper running rope 
will then be about ]V to iV- 

" The deflection, D", of the lower working rope is on an average 
one-half greater than the deflection D' of the rope at rest. This is 
of importance, as we should know beforehand whether the lower rope 
is going to scrape on the ground or touch other obstructions ; in that 
case we either have to dig a trench for the lower rope to run in, or 
else raise both wheels high enough to clear. 

" Practically, however, it is not necessary to be so particular about 
this matter, on account of the stretch in the rope. Wire-rope 
stretches, comparatively, very little ; still, there is some stretch, 
and it is well to allow for it by stretching the rope a little too tight 
at first. After running a little it will hang all right. When the 
rope is very long, it is advisable to take up the stretch at the end 
of two or three mouths, as a slack rope does not run so steadily as a 
tight one. 

" Whenever the direction of the motion of the driving wheel ia 
not fixed by other circumstances, it is often advisuhle to make the 
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lower rope the pulling rope, aud the upper the follower, as here 
ahown. In this way obstructions cao be avoided, which, by the 




Fig. 72. 

other plan, would have to be removed. The ropes will not interfere 
as loug ae the difference between the two deflectiouB, D* and D", ii 
leas than the iliaraeter of the wheel. 

" These limits are of use whenever, on account of rocka or other- 
wise, we have to move the whetsls closer together, and the question ia 
how far to have them apart with a certain deflection. 

The Wheels. 

" The bottom of the groove iu the wheels is made a little wider, to 
prevent the filling from flyiug out. The rope should always run 
on a cushion of some kind, and not on the iron, which quickly wears 
it out. 

" A variety of material is used for this filling — soft wood, Indian 
rubber, leather, old rope tarred, and oakura. 

"To use end-wood the rim has to be constructed on a different 
plan from that shown here. The objections to it are that it is liable 
to shrink, aud crack and fly out ; it is also more severe on the 
rope. ludia-rubber is a very good material ; strips of an inch 
square or less can be wedged in very quickly, and will last a long 
time ; the price, however, is 50 to 60 cents per pound, which is 
rather against it. 

" My own practice has been to use leather, also rope and oakum. 
The leather is cut in sections of the shape shown in Fig. 73, aud set 
in on end around the rim ; scraps can be used, cut from old shoes, 
pieces of leather belting, etc. ; they are very thiu, aud it takes at least a 
thousand for a 7-feet wheel. When many are wanted, it is worth while 
to make a die, to cut them out fasL This is the most durable filling 
(hat can be made. 
17 
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" Again, by wedging tlie groove full of tarred oakui 
also obtained, nearly as good as leather, costiog leas, and not eo 
tediuus to put in. Auother 
plan, whieh I have tried with 
success, is to revolve the wheels 
slowly, and let a lot of small- 
sized tarred ratlin, or jute- 
yarns, wind up on iheraaelves 
in the groove ; then secure the 
end, and, after a day or two of 
running, the pressure of the 
rope, together with the tar, 
will have made the filling 
compact. This makes a cheap 
filling. 

" The double-grooved wheels 
are filled in the same way. 

" The rope will run ou such 
filling without making any- 
noise whatever, and soon wears 
in a round groove for itself. 

" A section of the rim of a 
6-feet wheel is here shown with 
the dimensions marked. 

" The diameter of the wheel 
is not reckoned from the out- 
side of the rim, but from the 
top of the filling, which corre- 
sponds to the circle described 
by the rope. The hub ia made of ample size, so as to admit of being 
bored out for shafts, ranging from 2 to 3J inches. 

. . . " The rope, while running, requires no protection from the 
weather. If it has to stand still much, pour some hot coal-tar from 
a can on the rope in the groove of the wheel while running. 

" Whenever there is no room for the sag of the rope, and it is incon- 
venient to raise the wheels higher, or a ditch cannot be dug, it may 
be supported by a roller in the middle. This supporting roller must 
be in the ceotre of the span, and must be at least half the size of the 
larger wheels," . . . 

"Transmissions are in operation a mile in length. The loss of 
power from friction, etc., or bending of rope, does not amount to 10 




Fig. 73. 
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per cent per mile, and need not be taken into account at all for only 


one station. No slipping of the rope iu the groove ever occurs with 


a. proper filling. 


" With bearings of a Bufficient length under the shaft of the centre 


wheel, and, by providing theni with a self-feeding oil-cup, the axle 


friction is reduced to a minimum. . . ." 


We insert here the general wire-rope table in full, to which refer- 


ence is made in the preceding notes. 
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Ropes from No. 8 to No. 10| are 
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Copper and steel ropea corre- 
Bpondiiig to the above eizes are 
also made. 
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" When the power is to be conveyed nearly vertically, no good 




result is obtained by running the rope, say from A to B, direct, M 
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as indicated by dotted liues in the figure below, since it would 

"Two carrying sheaves, C and D, must be put up vertically above 

A, giving a horizontal stretch from C and D to B. 

This is necessary, in order to maintain the required 

tension in the rope, which can be obtained in no 

otlier way. A, B, and C, and even D, should be of 

the same size ; yet D, which supports the following 

rope, may be made smaller without damage, 

"This arrangement must be borne in mind 

p. _- whenever the source of power is locatfld in the 

°' cellar, and we want to carry it to an upper story 

and distribute it horizontally." 

TransmJBsion of Motive Forces to a Great Distance. 

By A. Achard, C. E., of Geneva, Switzerland. 

Published by Dunod, PariB, 1876. 

Translated hy J. Wm. Huttinger, Member of tlie Fratiklia lastitnte, Philada. 

181- The transmission by cables is only an extension of the 
transmission by belts which are universally employed in the interior 
of shops. Before touching upon the peculiar properties of cables, it 
is proper to mention what may be said in general about funicular 
trunDitUsion. 

Funicular transmission consists of 2 shafts, one of which is required 
to transmit to the other its rotary movement, by 2 mounted pulleys, 
one on one shaft, the other on the otiier, lastly, the funicular organ, 
either an endless belt or an endless cable, which we will call cord, for 
the sake of brevity, without prejudging its nature. We will look 
only at the cose where the 2 shafts are parallel, and where the mean 
plan of the 2 pulleys coincides, for, as we shall see further on, this 
is the only thing which interests us on the subject of cables. 

At any instant whatever, one can conceive the cord as divided into 
4 parts : the length applied to the conducting pulley, the length 
applied to the conducted pulley, lastly, the 2 lengths tree. The 
tatter are called the strips of the cord. 

The active organ of transmission is the strip which enroUs itself 
upon the conducting pulley, and unrolls itself from the pulley moved, 
in other words, which receives from the first a traction which it traDS- 
mits to the second. For this reason it is called the coridueting gtr^; 
for the same reason the other is called the conducted atrip. 
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leiug thus, let A, Fig. 75, be the motor sbail, with its pulley of a 
R, aod B the 



shaft moved with its 
pulley of B radius R', 
A power P acta upon 
the first tangeutially to 
a circle of a nulius r, 
and a resistance Q acts 
upon the eecond tan- 
gentially to a circle of 
a radius/. The arrows, 
which give the idea of 
rotation, show that it is 
the upper cord that is the conductor or motor. 

lu order that tranaioissioa may take place, it 
pulley. A, draw the cord, and that the latter, i 




Fig. 75. 



necessary that the 
its turn, draw the 
pulley, B. Thia cannot take place but by reason of the adherence 
of the cord to the felly, or rim, of the pulleys, and thia adherence 
depends upon 2 elemeot^i — the roughness of the p&tta in contact and 
the tension of the cord. 

Call T the tenaioD of the conducting strip, and ( that of the con- 
ducted strip. We can imagine the 2 strips cut, and the tension 
replaced by tractions, respectively equal to T aod to t, and acting in 
regard to each pulley as the tenaioDs do. In this way the conditions 
of uniform movement can be regarded separately ibr each pulley. 
They are, first throwing aside passive resistances : 

For the conducting pulley, regarding t as acting in compariaon as 
power, and T aa reaistauce : 

Pr + tR—TB^o, 



For the pulley moved, observing that in respect to the latter, that 
r is the power, while ( acts aa the resistance : 



whence T — t = Q 



Tlf — tHf—Qr^^o, 



equations (1) and (2) show that the quantities F~ and Q:^, 
"iiecessarily equal between themselves, omitting passive reeiatances, are 
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besides equal to T — i. But this is Dot sufficient to determine T and 
( ; the condition of adhereuce will supply this. 

For which let the force, P, cause the pulley, A, to slip under the 
cord without moving the latter, it will be necessary that this force 

agree with the Burtace of the pulley, that is to say F^> let it be at 

least equal to the friction which there may be between the cord and 
the surface of the pulley, if this slipping had taken place. This fric- 
tion has for its measure the minimum error which ought to i 
between the tension T and t of the 2 strips, for which the strip of 
tension T draws the other by slipping upon the immovable pulley; 
for the friction depends only upon the relative movement, which is 
the same in the two cases. We know, by a known theory, that this 



r ought to be such that w 



1 have - ^^ e^ (e =^ the base of the 



natural logarithms,/= the coefficient of friction relative to the two 
eubstances in contact, a ^= the value, ascribed to the radius of the arc 
of the pulley embraced by the cord). From this equatiou one can 
deduce the error T — t in function, be it of ( or of T at will. By 
taking I, we find T — t^l (el" — 1). Consequently, i being provi- 
sionally indetermined, we will find that the pulley. A, will draw the 

cord if P^< i (e> — 1), and will not draw it if P^> ( {eS' — 1). 

The same holds good as far as it concerns the pulley moved, the 

cord will draw it if Qp,<i (e^ — 1), and will not draw it if Q-5,>i 

(e^ — 1), (/3 being the arc embraced upon this pulley, and / can take 
another value, according to the nature of the pulley). It is required 
then, ia order that the strictly necessary value of t be obtained, that 

the quantity P— , or its equal Qp"f be equal to the smaller of the 

two quantities i (&^" — 1) and ( (fr'P — -1). This value ia obtained 



then, by dividing P^ 



' the smaller of the two quanUtiee 



R 

(eJ"" — 1) and (eJP — 1), Having once determined i, T is immediately 
deduced from it, since T — t is given by (1) and (2). 

Algebraically speaking, the solution of the problem comes back 
to one of the equations (1), and (2) the other equation, 

T 



7=i, 



or k is the smaller of the two quantities e/" and eJl*. 



(S) 



i-,.*. (3a.) 
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Tt is easy to take account aa proof a postericri of the precediDg 
reasoning, that the tensions determined by this, which requires the 
pulley of least adherence will be, for the strongest reason, BufficieDt 
for the pulley of greatest adherence, whatever may be that of the two 
which is conductor and which is conducted. 

Id practice, in view of the irregularities of the power to he tran»- 

mittod, it is advisable to increase the tensions ; and in order to keep 

acoomit of this necessity, we must give to i a co-eificient >i, which is 

< 1, and which is as much leas aa the irregularities are great We 

^^dll replace, then, the equation (3) by 

After having thrown passive resistances out of account to simplify 

the reasonings, it is necessary to bring them into the question. They 

are '2 in number, one of which comes in whatever may be the mode 

of communicating the movement from one shatt to another, while the 

second ia peculiar to the funicular organ. The first consists in the 

friction of the bearings. Each shall is sustained by two supports or 

rests, holding the bearings which guide its movement of rotation. If 

we call /' the coefficient of friction, in reference to this contact, the 

f 
friction of a support will be the product of , \_ , „ by the pressure 

f 
which the shaft exercises upon it. The quantity > j^ .,„ which we 

design to abridge by /', sometimes called ike coefficient ofjrietion of 
the bearings. The sum of the frictions relative to the 2 supports will 
be the product of /, by the sum of the pressures which the shaft exer- 
cises respectively upon them — a sum which is equal to the resultant 
F of all the extorior forces applied to the shaft perpendicularly to 
its direction, and regarded as carried parallel to themselves to a 
single point of application. 

The expression of the friction concerning a shaft will be, then, /,F, 
and the momentum of this friction, with reference to the axle of the 
shaft, will be /ipF, by calling p the diameter of the shaft (or of its 
journal, if there be one). 

The second resistance is calletl ihe roughness of Ike eord, and con- 
sists in this : that, for want of sufficient flexibility of the cable, the 
strip through which the resistance acts, and which enrolls itself upon 
the pulley, deviates a little from the direction of the lattor, in such a 
s to increase its lever-arm, and consequently its movement. 
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The same thing does uot take place id the other strip, whose unroll- 
ing is, on the contrary, favored by the elasticity of the cord. 

Among the empiric formulae proposed to express the roughness, we 
will choose that which re]>resem3 the addition of the lever-arm, which 
it creates by si', a being the diameter of the cord (or thickness of the 
belt), and * a coefficient depending upon the material of which it is 
made. 

By introducing these, the equations of uniform movement become: 

For the conducting or motor pulley. 



For the pulley moved. 



(4-) 



T/— t (.«+ tu-) — ^—f,,'F' = 



All 



B no longer a priori P 



E 



, there are, in real- 



I 



k 



ity, 3 unknown quantities, T, t, and P, or rather T, t, and Q, following 
which we get either Q or F. 3 distinct equations then are necessary. 
We shall find them by uniting the equation (3 a), which expresses 
the condition relative to the tensions, to the 2 equations (4) and (5), 
in which F is a function of P of T of f, and of the weights of tlie 
pulley A and of its shaft, and P a function of Q, of T, of (, and of 
the weights of the pulley B and of its shaft. The solution of the 
problem is then possible, theoretically speaking. It is for belts only 
that one can consider the 2 strips as each one being rectilinear and 
the tension uniform. We shall see that for cables it is different. 
With the tensions T and ( of the 2 strips [of the belt] in motion, 
there corresponds a tension S, common to the 2 strips at rest. This 
tension at rest S once realized, the putting in motion — in other words, 
the putting in play of the power and of the resistance — creates of 
itself the inequality of tension required, and consequently realizes the 
values T and t. 

Such is, briefly, a general resume of the theory of funicular trans- 
mission. The following reason will show how we were led to obtain 
this kind of transmission by metallic cables. 

The size to be given to the cable is equal to the quotient obtained 
by dividing T, the maximum of tension which it has to undergo, by 
the number which represents the tension compared to unity of a sec- 
tion which the material permits. But the constructor makes the size 
of T only to a certain limit. In effect, omitting the passive resistancee 
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Uch would ludesalj complicate the question, we find, by combiuing 
the equ&tioDB (1) and (3 a), 

r=-^ P-- 

Let V be tbe speed of the cord, and t* tbat of die point of applica- 



tion of P, we have 



R 



In addition, let P represent tbe direct 



action of tbe first motor Ia3, for example, if tbe latter were a br- 
draulic wheel, mounted upon its ebafl A ), let it repre^nt an action 
transmitted bj tbe latter by means of gearing, or otberwisc, we hare, 

by calling S the force in horse-power of the first motor, P=^ , . 
Then by rabetitutiDg 



^^^us the power to be tranemilted being given, the t^ieioQ of the 
cable will be in inverBe ratio to it^ speed. By increasing tbe speed, 
theconstnictormaymaketfae section smaller. By referring to equation 
(6) it will be easy to take account of the limit of mechanical powers 
which can be transmitted by a ^ven cable. For this we must, to 

begin with, take —7 aa the value of tfao^e cases which require 

the least tension. Now we know that A ^ <>, « being the smaller of 
the two area of enrolment. Tbese are the greatest values of / and 
of » which are to be regarded here. The smaller of the two arcs 
of enrolment cannot exceed a semi-circumference, and by taking 
account of the deviation caused by tbe rougbneie, we can value it at 
0,95°. The maximum of /for bells is about 0,30. Then tbe value 
of k will be 2,448. For that of ^, we will admit its maximum to be 

unity. We will have then - , 

Of the other part, we can scarcely think of increasing the speed of 
tbe belt to more than 25 m^es, nor to run it permanently at a rale 
of more than 0',25 per square millimetre of a section. If we wi^ 
to find what power we can transmit on these conditions with a belt 
baring a breadth of 2oO millimetres, and a thicknesof 8 millimetres,* 



= 1,6 



* It i? certun ^at Mia of more tlisn S millimitns in ihidness ire olUn 
employed. But then (iie force reEulting from the Aexion of enrolment mcquires 
■ notable valn^ wtich dumniahfa the m>r^n allowed for the eBurt Rsnluitg 
from the general tensioa- II would be Deceesarr to admit fur tbU laner ■ num- 
ber inferior to 0'j35 in mici a w»,v thai, in ihe point of view of power Iran*. 
mitted, little would be gained. 
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which ia already a strong belt, we would have to solve the equation' 

7.5 N 
S50 . S . 0,25 = 1,69 . -£-, 

which gives N = 98^ horse-power nearly. (^40.97 n' of 8uriac» 

velocity.) 

If we had taken account of passive reaiatances, and had allowed 
fui f> a number < 1, and for tbe adhesion of the belt to the pulley, 
less favorable conditions, which use bringa sootier or later, we would, 
have obtained a figure sensibly less. 

What precedes suffices to show that transmission by belts is only 
applicable to limited mechanical powers. But even within these 
limits, the greatness of the distance becomes an obstacle to its em- 
ployment. Experience has shown that the elasticity of the belt 
causes oscillations and variations of speed, which increases with the 
distance, and which, beyond a certain limit, would render the 
mission very irregular. Besides, where it would be necessary to 
make the agent of transmission pass over a great distance in the 
open air, a belt would be in a bad state of preservation. The search 
for an agent of transmission, at the same time supple and not too 
elastic, having sufficient resistance, and not very liable to alter,* was 
then indicated with a view of transmitting great mechanical powers 
to a distance. 

This desideratum has been realized by the invention of metallic 
cables, due, as we know, to Mr. Ch. P. Hirn, of Colmar. 

The Telo-Dynamio System, By C. F, Him. 

JS3. " For the transmission of power or ' work ' to moderate 
distances, we have had for ages two main methods employed 
horizontal revolving shaft and the strap pulley — supposing, 
almost always the case, that what we need in the ^orm. of the trans- 

* Aa to the question of cont, ve can say that, according to average HtatemenU, 
a section of a funicular organ, capable of supporting a continual Btrain of 100 
kilogrammes, arising from the general tension, costn, per running mStre, for 

Leather franca 3.50. 

Caoutchouc " 4.2S. 

Wire (rope) " 0.40. 

To compare these prices, in a practical point of view, it would be neccsaary t»< 
introduce a coefficient of duration for each substance. But this comparisoa 
would he of no account, except between the leather and the caoutchouc; fbv, 
there would be no competition between the employment of the latter and m«> 
tallic cables. 
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"fitted work is rotaiary moliou ; but these are only capable of traus- 
mittiug work to extremely abort dUtancee, unless with the moat seri- 
ous losses or waste of power by the absorption of work of the molor 
in torsion and friction of the shaft, aud in friction, rigidity, and slip, 
etc., of the strap." 

" For a mere dead pull, anch as the alternate strokes needed to 
work a. pump, work is, aud has loug been, trausniitted to very great 
distances; as by the loug lines of 'draw rods' used in raining regions 
for transmitting the power of a water-wheel by means of a crank on 
its main axis, pulling during half its revolution to raise a heavy 
weight or ' balance bob ' at the remote end of the line of bars ; but a 
system of draw rods cannot economically be employed in producing 
rotatory motion at great distances. 

" In recent days, the idea so clearly seen by Bramah has been 
realized upon a large scale by Armstrong and othent, in the trans- 
mission of power by water pressure, or, as it haa been called, by 
' hydraulic connection ; ' and Armstrong haa even perfected appa- 
ratus by which water pressure thus transmitter!, through, it might he, 
miles of pipe, may be converted into rotatory motion." 

"Papin saw the possibility of transmitting power through )meu- 
matic connectors, though, if the accounts handed down be reliable, 
lie did not succeed in realizing his notions. There can be no ijues- 
tion, however, that power may be transmitted, either by exhaustion 
■or by the condensation of air, for very great distances through tubes, 
and may be converted into rotatory motion at the remote extremity, 
or anywhere by the way. . . . 

"In both these cases, like that of the hydraulic connector, how- 
ever, unless the tubes l^ear a very large pn)portiiin iu anta to the 
demand for the current, whether of entering or of inNulng air that 
transmits the power, the loss by tube friction becomoa very HcrioUN. 
The capital to be sunk in pipes, therefore, is large iu relation to th« 
power got, and both this expenditure and the waat« of power Incruowj 
directly with the distance of trannmiMion," 

" Meanwhile, however, there exiata in lu'tual um, anil ii|H>n a Urge 
scale, another and a simpler apparatiix for the traiiRmiwilon of powur, 
in large amount and to very great dilttiinctM, which hiu sttfn'<t>»l, W« 
may say, no attention as yet in thia country. Wn r«f«r to Ihf) ojiiUsm 
originated by Mr. C. F. Him, which haa Ixwiit (lallml lliat iif ' teltf- 
dynamic transmission,' and some drawing* Indifatlvii of whlidi wero 
shorn as long ago as the Exhibition of IftOU." 
I "Crudely slated, thia metho«l appfiarn lo tb« miiwrflninl i.lxnfrflr 




i 



268 BOPE TRANBMISSIOIf . 

consist in nothing more than in transmitting the rotatory motion of 
one large grooved pulley, kept revolving by the motor, to anotlmr 
such pulley, at a greater or less dbtance, by the interveution of an 
endless nire or steel baud, or wire rope, passing over both pulleys ; 
and to the uniustructed observer the whole affair seems nothing more 
than the old 'belt and pulley,' a mere elongation of that common- 
place ' wrapping connector.' The hiddeu principle involved, how- 
ever, is Boraething entirely different. 

" If we suppose a band of round iron of one inch iu diameter to be 
capable of sustaining a steady pull, witliont sensible alteration, of 10 
tons, and that the bar be pulled with this force endways, so that a 
point between the motor and the resistance moves at the rate of one 
foot pter second, then it is obvious that the bar itself will he trans- 
mitting ' work ' at the rate of 10 foot-tons per second. A bar of half 
its diameter, or { its section, can only be strained to 2.5 tons, and at 
the same rate of ' end-on ' motion, can only transmit 2.5 tbot-tous of 
work per second ; and so also of a bar ^ of an inch diameter, or j'. 
of the area of the one-inch bar, it can only transmit .04 tou ; and, at 
the rate of one foot per second, .04 foot-tons of work. But suppose 
that the half-inch bar moves end-on at the rate of 4 feet per second, 
and that the ^-inch diameter wire moves at the rate of 25 feet per 
second, then, as work is made up of pressure, times velocity, all 3 
bars, much aa they differ in section and in absolute strain upon each, 
will transmit the same number of foot-tons per second : i. e,, ekall all 
be capable at lite retistinif end of delivei'ing forth equal quanlilieg of 
motive power in equal tivaes. If, therefore, we increase the velocity 
of motion of the wrapping connector, which is intended to transmit 
a given amount of motive work in a given time, we may reduce its 
section, because we have reduced tlie strain upon it, and hence its 
total weight in the inverse ratio of the increased velocity. We may, 
in fact, to put an extreme illustration, reduce the oue-iueh round bar 
to an iron wire, as fine as a human hair, and yet (theoretically) get 
out of it at the resisting end our 10 foot-tons per second." 

"Kow, this is just the principle which distinguishes Mr. Hiru's 
method from any common belt aod pair of pulleys, and which he has 
shown can be carried into practical use with great advantage. 

"At the motor, be it steam-engine or water-wheel, he places a tol- 
erably large cylindrical-grooved rimmed iron pulley, revolving in a 
vertical or horizontal plane, to which he communicates rotation at a 
determinate and considerable speed. Round this he passes a thin 
wire, or a thin wire rope (which latter iu practice he prefers), and 
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3m 13 led away to almost noj reasouable distance (the limit ia meas- 
urable by mike), wliere it is paesed over another aimilar pulley, and 
returns back as an endless cord to the pulley whence it started. If 

the distance be more than a iew hundred ieet, or the intervening sur- 
face difler in level, etc., both limbs of the cord are supporteil and 
guided at intervals by guide pulleys, as few as possible, leaving the 
cunls in the intervals between these to sag down into such catenary 
as the strains upon it and its own surplus strength may determine 
and admit. The periphery of the driving pulley may have au angu- 
lar velocity as great as possible; the only limit, in Ikct, is that the 
speed shall not be likely to destroy the pulley by centrifugal force. 
The speeds that have been actually employeil in the examples to 
which we are about to refer vary from 10 to 30 yards per second, at 
the circumference of the pulley. The pulleys themselves have been 
made of cast-iron and of steel, and they have but one peculiarity of 
construction, and that is a highly important one. At the bottom of 
the acute V-shaped groove, going round the circumference, a little 
trough is formed, dove-tailed, in section, which is filled with a ring 
of softened gutta-percha let into it, and united at the returned ends. 
Against this, as the bottom of the V groove, the wire rope of trans- 
missioD alone bears. It forms a seat ibr itself, and does not touch 
the sides of the V groove or other metallic parts of the pulley. The 
same arrangement is adopted for the reeeiviug pulley for the power 
at the remote end, and for all guide or supporting pulleys that may 
be necessary. 

" The wire ropes are thus found to hold perfectly, and not to wear 
sensibly, for long periods. 

"Previously to devising this form of pulley, Mr. Hirn had had 
«nuch difficulty from the wear of the wire ropes, and in other ways, 
^md had tried, in vain, wood, copper, and other linings for the pulley 
grooves. 

" Now, assigning a peripheral velocity to the motor pulley of 30 
^fards per second, it is obvious, upon the principles we have already 
staled, that for each horse-power that we require to transmit, we 
xnust visit a strain upon the material of the cord, moving at that rate, 
*3f -^^gV"^ ^^ ^y ^^^ lbs.; and taking the breaking strain for average 
Iron wire at 67,000 lbs, per circular inch, and the safe strain at about 
, ^ that, or say 33,000 lbs. per circular inch, then afjjgi ^ 90 nearly, 
or a wire of ^j of a circular inch in area will transmit a Itorse-power 
.^er second. 
^^^J'The wire must have surplus strength, however, also, for the Una 
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of power absorbed by tbe sources of loaa in this method of trans- 
Tbese are : 1, the reaietance of the air to the rotation of 
all the pulleys ; 2, the rigidity of the wire rope in circumflexure of 
the 2 main pulleys, and through the change of angular directioa at 
either side of supporting or guide pulleys; 3, the resistance of the 
air, by friction, to the passage of the wire cord itself through it; 4, 
the friction of the axles of all the pulleys. 

"Where the distances of transmission are moderate, i. e., within 
a few hundred yards, the actual result of experiments upon tbe large 
scale, as stated by Mr. Him, show that all these together amouDt to 
about 2^ per cent, of the power transmitted. Where supporting and 
guide pulleys are required, there is to be added to this 2;J per cent., 
which represents a constant resistance due to the motor and traos- 
mittiug pulleys and rope merely, an additional resistance which variei 
with the distance, and has been found, with the usual amount of 
supporting or guiding pulleys needed for long distances, to amount 
to about 504 foot-pounds for each 1100 yards in length of the double 
cord. Thus we see that for short distances the transmitting wire 
need not be larger than ^ of a circular inch in area per horse- 
power ; and for even such an extreme distance as upwards of 12 
miles, we need only add J to its total area, on account of all resist- 
ances due to uselessly consumed power. 

" Enough has been said to show how attenuated may be tbe trans- 
mitting cord, aud bow light it may be. 

" With 2 pulleys, each of 12 feet diameter, making 100 Rpm, and 
with a wire cord of ^ of an inch in diameter, Mr. Hirn has found 
that 120 horse-power can be transmitted to a distance of 150 yards, 
with only a waste of power or useless effect of 2^ horse-power. 

" The first attempt at practical application of this method was 
made as long ago as 1850, at Xiogelbach, near Colmar, at the ancient 
calico print-works of MM. Haussmann, established in 1772, hut 
shut up from 1S41. It waa proposed to make the great concern into 
a weaving factory for cotton, but the immense scattered mass of 
buildings seemed to forbid tbe possibility of utilizing them, and yet 
placing the motive power at any one point. Shafting, as a matter 
of coat and of waste by distance, was out of the question. 

" In this emergency Mr. Hirn first tried this method of force trans- 
mission, with a riveted steel ribbon or band to each building from 
the engine-house. The band first tried was about 2 inches wide by 
tjlj of an inch thick, and on wood-faced drums. The anocess of the 
principle was complete, but much i 
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!ne round wire cord and gutta-percha pulley solved all difficulty, and 
brought the principle to be a practical reality. 

"Since the eetablisbraent of MM. KausamaDn's weaving-mills on 
this plan, in 1854, M, Sclilumberger haa transmitted the power of a 
turbine at Staflelfelden about &0 yards ; in 1857, at Copenhagen, 45 
horse-power was transmitted to aaw-raills at more than 1000 yards 
distance from the motor ; in 1858. at Coruimont, VosgeB, 50 horse- 
power waa transmitted to a distance of 1258 yards; in 1859, at 
Oberursel, near Frankfort-on-tbe-Main, 100 horee-power was thua 
carried 1076 yards ; and at Emmendingen, Briegau, 60 horse-power 
works a spianing-mill at 1312 yards from the motor; while in 1861, 
Count d'Espremesnil, at Fontaine le Sonet, Department de I'Eure, 
transmitted a very large power to saw-mills through 1100 yards, and 
thence a part to a farther distance of 546, or to a total of 1646 yards, 
to drive other machinery. 

"400 and upwardg of practical applications have been made of the 
method already; which has become one of the established and recog- 
nized mechanical appliances all through the south-east of France and 
adjacent Germany, and more particularly in Alsace, the great seat 
of the French cotton manufacture, and of innumerable connected 
industries. 

" Most of the machinery has beeu constructed by Messrs. Steiu & 
Co., of Mulhauseu, who have acquired great experience in its con- 
structive details and management. And, carrying the principle out 
to its legitimate end and development, a company has been formed 
since 1862, at Bale, in Switzerland, under the title of ' Compagnie 
d'Utiliiation des forces du Rhin Superieur,' whose object it is to 
establish water-power to an almost limitless extent at the great fall 
of the Rhine at Sehaffhausen, and thence to transmit it off to great 
distances and in various directions, and let it off for manufacturing 
uses. Mr. Him has shown that power may be practically and profit- 
ably transmitted thus for distances of several miles. To take an 
extreme example, he proves that 120 horse-power may be transmitted 
22,000 yards, or about 12^ miles, and that the loi« by uselei^sly 
expended power iu the transmission even to that extreme distance, 
shall leave, at the very least, 90 horse-power available at the remote 
end. On the other hand, he shows that if 200 horse-power be trans- 
mitted by ordinary horizontal shaliing, 50 per cent, of the motor will 
become uselessly absorbed within a distance of 1650 yards, and that 
to obtain 100 horse-power at the remote end of a horizontal shaft 12^ 
miles long, we must apply at the motor end a power of 788,400 horse- 
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power:* in other words, that while the limit of shall traDsmlsaion 
practically does not exceed 200 or 300 yarda, that of telo-dynamic 
trausmission need Dot, in practice, stop at 5 miles, or eveo more. 
Power may thus be transmitted economically and surely, in any 
direction, over hills and valleys, acroBs rivers, into the depths of coal 
pits or mines," — Practical Meek. Jour., March, 1S67, p. 368. 

Telo-Dynamio Transmission. 

1H3. We give only those parts which add new facta to the state- 
ments already made in ai: article on this subject. 

"The wheels are made as light aa is consistent with strength, not 
only for the sake of reducing the inertia of the moving mass, and 
the friction on the axes to a minimum, but for the more important 
object of diminishing the resistance of the air. It can hardly be 
doubted that an abandonment of spokes entirely, and making the 
pulley a plain disc, would improve essentially the performance, could 
discs be made at once strong enough to fulfil the required fuDCtioa 
and light enough not materially to increase the friction. It will be 
seen fui-ther on that the resistance of the air, which Mr. Hirn admits 
to be equal to the stim of the other resistances, is, in fact, more than 
double all the rest put together. 

"This figure, which is a half size cross section of the rim, C, of the 
~'ieel, represents the form of the groove into which the 
_,^ mature, B, of gutta-percha is compacted, and upon 

S lich the wire rope. A, rests. The dove-tail enlargement 

this groove at the base is necessary, not merely to 
3ure the gutta-percha against displacemeut by ordi- 
ry causes, but to prevent its being detached by cen- 
° trifugal force. Mr. Hirn assumes 30 metres per seoond 

to be the velocity which it is expedient ordinarily to give to the cir- 
cumference of the wheel ; but he has carried this occasionally as high 
as 40 metres. 

" At 30 metres, the centrifugal force generated at the circumference 
of the smaller pulleys of 2 metres in diameter, will be between 90 
and 100 times the force of gravity; and at 40 it will be nearly 170 
times gravity. That is to say, aa the circumference of such a wheel 
measures a little over 20 feet around, if each foot of this circum- 
ference weighs one pound, the whole will be dragged in all directions 
with this last velocity by forces which unitedly will amount to nearly 

* Compare with Webber's tealB of shafting, on page 20. 
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If tone. It is on this accouut that Mr. Hiru suggests that the limit 
of 30 metres had better not be overpassed, higher velocities endan- 
gering the destruction of the wheel. 

" The invention of Mr. Hirn was first applied iu the transiuission 
of moderate powers to moderate distances. 

■' Instead of a cable there was used in the beginning a band of 
steel, having a breadth of about 2^ inches, and a thickness of ^ 
of an inch. This presented two inconveniences. In tiie first place, 
OQ account of its considerable surface it was liable to be agitated by 
the wiuds ; and, secondly, it soon became worn and injured at the 
points where it was riveted. 

" It served, however, very well, for 18 months, to transmit 12 hone- 
power to a distance of 80 metres. 

" A cable was then substituted, and this, first introduced in 1862, 
is still in good condition. 

" These applications have been made for the most part in Prance, 
and in the department in which the invention originateil, but there 
are some notable exceptions." 

" In the great govenimeat maouEactory of j^npowder at Okhta, in 
Russia, which was destroyed to 1864 by expioaiun, it wb« del«rmiD«l 
in the reconstruction of ifae works to erect the building at socb a 
distance from each other that the exploeion of one of them should 
not involve, as happens mnially in such casai, tlie ruin of all the 

" This new manafactory, wbieh weat into operatioD In IHUl, \» com- 
posed of 34 diflomt vorluhopa or latMnUoriea, to which motJva 
power is tranmitted frooi 3 tathiaat. having a total tuTtX of 274 
horse-power alni^ a Uoe aauij a fliil« in l«aKtl>. 

" Seveikl fi^tMiitwfDli ia Gcnnsoy tmpiej it tar ttifUiieM ntf- 
ing from 350 to 1200 atew. A» dBetr «f tb* Dn»Ut aary Inw 
made one appUestiM «f k «•«!••» «f 1000 wrtw, wmI at Um 
mines of FaluH, ia SwoJok, MMe thaa 100 bofMtfowsr m tnmmituA 
by it to a dkUBee of MOO attraL 

•Thecoitrfike mn r Ua i wy md iU milh m k «tliimU4 M Wft 
francs per kikatoc, attmiwt «f At ■liiiwiy stmutliom at ttm 
termini, which will n^iin am adHtkmt taftmUUu* at Vi fnuux 
per hone-po««. Is iW aMe aTM* Ui M ftm m mfri»i 1" kil*' 
m^ns, tbe Mml ccpCHr viO Omndm mmmM I* $3Am fcHMb 

"ForilapmMwal tw^tis,Hm'm 9»Mi m,4mtl*mk» fp mm,imm 

of the not ■! il dn* km fnmiU*4 tlMff l« ik* KmfMUm, 

and Uie jny kn« Avw* (bat (try wi n^A it, by • " 
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inventor the diatinction of a grand prize." — F. A. P. Barnard, LL.D^ 

U. 8. (hmmUsioner to Paris Expodtion, 1867. 

Wire-Rope Driving. 

184:. " Among the more recent im pro vera cuts in the way of traru- 
mitting power for long distances, is the substitution of belts by endless 
wire ropes, runuiug at a high speed. Their use bids fair to add im- 
mensely to our manufacturing facilities. The distance to which yoa 
can thus transfer power ranges from 76 feet to 4 miles. Just where 
the belt becomes too long for economy, there the rope steps in. In 
place of a flat-faced pulley, a narrow sheave, with a deep, flaring 
groove is used, the groove being filled out, or lined, rather, with, 
leather, oakum. India-rubber, or some other sott substance, to save" 
the rope. The essential points are a large sheave, running at a cod* 
aiderable velocity, and a light rope. 

" When the distance exceeds 400 feet, a double-grooved wheel U 
used, and a second endless rope transmits the power 400 feet farther, 
and so on indefinitely. The loss by friction is about 8 per cent, per 
mile. A few examples may prove of interest, and give information. 

" It is required to transmit 300 horae-power by means of a wire 
rope. A wheel 14^ feet diameter, making 108 Epm, is sufficient — 
the rope running at a rate of 4920 Fpm. Size of rope required, one 
inch diameter. The distance has nothing to do with it. Again : ' It 
is desired to transmit, for any distance, as much power as a lii-inch 
belt will give.' Assuming that the belt travels in the neighborhood 
of 1300 Fpm, it is about equivalent to 20 horse-power; and a groove^ 
sheave of 7 feet diameter, running 100 Rpm. with a j-inch rope, will 
be the proportions required. Again : a 4-feet wheel, running lOO 
Bpni, with a |-inch rope, will convey from 4 to 5 horse-power. The 
cost of the rope is always the smallest item, amounting to a few cent» 
per foot, and not one-tenth the cost of an equivalent amount of belt-c 
ing. 

" One is thus enabled, at a small expense, to transmit power in any 
direction ; for instance, to a building lying remote from the main 
factory buildings, where it is not worth while to put up a Beparale 
engine ; across rivers, creeks, canals, streets ; over the tops of houses;; 
under wat^r ; from cellar to roof, etc. 

" Frequently an excellent site for water-power remains unimproved 
for want of suitable building sites in the neighborhood. The water 
may be conveyed down, ttream by means of expensive canals and. 
flumes ; but by a wire rope transmission we can transfer it in anf 
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. ^ecdon, either op stream, acroea it, or eidewtse, up and dowu grades 
of one in 6 — in &ct, anywhere. 

" In many eedions of our country, coal is dear and water-power 
plenty, but not improved, for reawns which may be set aside by the 
above method. In Europe, over 1000 factories are driven in that 
way."— Tlie Manufaeturer and Builder, February, lSti9, p. *f. 

^Lmota oa tbe Sheaves Used in the Transmission of Power 
^H by Wire Ropes. 

^^ 1S3. The writer found in his practice that it was not only ueoes- 
sary to have the rims and grooves of the 




wheels truly turned, the wheels balanced 
for running without vibration in their 
bearings, but that, aliW), some certain pro- 
tection must be furuiahed to prevent the 
rope striking agaiuat the flanges of the 
wheels, to which it is constantly liable 
by the cross action of air currents, by 
tbe irregular wearing of the gum filUiig, 
and by the vibration of the wheels. 

In Fig. 77, an efficient and luexpen- 
»ive method of preserving the rope is 
shown, by lining the sides of the wheel- 
groove flanges. A, with leather, B, se- 
cured by copper rivets above the gum 
filling, and held firmly by the filling in 









tbe groove. 

Rope Gearing. 

186> In a paper by Mr. John Ramsbo 
Vol. XXI.. p. 46, on traversing cranes at 
dated January 2S, 1864, mention is mad 
power is communicated from the shop liu 
of the cranes. 

" It consists of a |-inch diameter, soft, w 
about 1^ ounces-to the foot, running at t 
line with the longitudinal motion of the c 
over a 4-feet diameter tightener sheave, 
as to put a tension on each straud of the 
found to be the best working strain for ke» 
giving the required ' hold ' on the main dr 

" The cranes have a span of 40 feet 7 in 
erse of 270 feet, and the rails are 16 feet a 


Fig. 77. 

ttom, in Xewton's Journal, 
Jrewe Locomotive Works, 
e of the means by which 
^ of shafting to the gear 

lite-cotton cord, weighing 
he rate of 5000 Fpni, in a 
rane, above the same, and 
This sheave is weighed so 
cord of 108 lbs., which is 
ping the rope steady, and 
ving pulley. 

ches, a longitudinal trav- 
Jove the floor. 
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"The cord is supported every 12 or 14 feet by cast-iron fixed slip 
pers of plain trough section, l|-inch wide, with side flanges, Theatt 
slippers are placed IJ inches below the working line of the driving 
side of the cord, so as to allow the driving wheels on the traverser ta 
pass them. They are not oiled, and the friction of the cord in 
them amounts to | of the working load. 

" Motion IB communicated to the gear of the crane by pressing the 
cord into grooved east-iron pulleys. The grooves in the driving pul- 
leys are V-ahaped, at an angle of 30°, and the cord does not touch 
bottom. The guide pulleys have circular grooves, same diameter a 
the cord, and the pressure pulleys have a circular groove of larger 
diameter than the cord. The driving pulleys have a diameter equal 
to 30 times the diameter of the rope. Guards are put on the pulleys 
to keep the ropes in. 

"The driving power of the cord to lift 25 tons is only 18 lbs., irre- 
spective of friction, which is a ratio of 3111 : 1. Light loads otq. 
about 800 : 1. In the gib cranes, driven by similar means, the ralJo( 
is 1000 : 1, when lifting 4 tons at the rate of 5 feet 1^ inches per 

"The actual power required to lift 9 tons, besides the snatch-block 
and chain, has been found to be 17 lbs. at the circumference of the 
driving pulley. The crab, when unloaded, requires 1^ lbs. to over- 
come its friction. 

" The cords are soon reduced to -j^inch diameter, and last about 8 
months at constant work. 

"In an overhead traverser, used in the boiler-shop, lifl:ing 6 tons, 
3 years in use, a |-iuch cord was employed, but was afterwards 
changed for a cord ^-inch in diameter. 

"The light driving cord ia the only plan compatible with hiL 
speeds — a heavy chain, belt, or cord would soon wear out and, 
break by its own weight." 

Iron and Steel Ropes Compared. 

187' The superintendent of Cedar Point Iron Company, Port 
Henry, N. Y., says, in reference to the comparative merits of steel 
and iron wire ropes for hoisting purposes: 

" We have used iron and steel wire ropes extensively at our iron 
ore mines, and our experience in hoisting from 1000 to 1500 torn 
gross per day awards the superiority by all odds to steel. Ona 
steel rope lasts us, on an average, as long as 6 iron ones. 

" We attempted to run them ou same sheaves as we had used for 
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iron ropes, and found, in some cases, that tlie steel rope would cut one 
iDch into the cas^i^on sheaves in oue or two months of use. 

"Our sheaves now are lined with wood, which entirely obviates 
every difficulty in the use of aleel, and of course is equally to be com- 
nieuded for irou," — January, J87S. 

On Rope Gearing for the Transmission of Large Power in Milii 
and Factories. By Mr. James Durie.* 

ISS- The best means of trausrailting power from the prime 
mover to the various machiuea iu a factory has long been a matter 
of importance to the engineer and to the manufacturer. Until lately, 
toothed gearing — either as spur or bevel wheels, or a combination 
of both — lias been almost universally employed for first motiona, 
the smaller powers being taken off pulleys by leather belts. The 
facility of taking small powers ofl" drums to machines by means of 
belts, and the absence of noise and vibration, led to the adoption, in 
the United States of America, of broad leather belts for the trausrais- 
sion of large powers from the prime mover to the shafting in facto- 
ries ; and the success which has followed the adoption of these large 
l>elts there, has led to their being adopted by many users of power Jn 
this country. 

The object of the present paper is to bring before the institution 
the plan of transmitting large powers by means of round ropes work- 
ing on grooved wheels, which, in some parts of this country, has been 
largely adopted as a substitute for toothed gearing. The experience 
gained by the firm with which the writer is connected, in this mode 
of transmitting power, has extended over a period of thirteen years; 
and wherever it has been employed, either to replace toothe<l gearing 
in old or for new works, it has always given complete satisfaction. 

In this mode of driving, the fly-wheel of the engine is made con- 
siderably broader than the fly-wheel of an engine having cogs on ita 
circumference; and, instead of cogs, a number of parallel grooves for 
the ropes are turned out, the number and size of which are regulated 
by the power to be taken off the fly-wheel. The power which each 
of the ropes will transmit depends upon their size, and the velocity 
of the periphery of the fly-wheel. The ropes employe*! are of two 
sizes for large powers, namely, 5 j inches and 6 J inches circumference; 
another size of rope, 4| inches circumference, is emplnyeii fur small 



* A paper read at the loeelnig of liie In* 
Mnnclieater, England, October 23, 187B, F 
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indicated horse-power. The t«nsiou on each rope due to this load at 
the above velocity ia — - — =^ 349 lbs., which ie rather a heav- 
ier load than in the previously described factory ; all the shafts are 
also driven by more than oue rope, with the exception of some of the 
line shafts in the weaving shed. Kope gearing was only adopted in 
this case after the most searching inquiry as to its suitability for 
working in the warm and humid climat« of Calcutta, and its adop- 
tion has been attended with very satisfactory results, both in this 
case and also at the Sealdah Mills in Calcutta. 

The drawings show the arrangements adopted when the factories 
have been specially designed for rope gearing ; but this gearing has 
often been applied to replace toothed gearing in mills already built. 
The plan then adopted is to put in a new grooved fly-wheel, or to 
place grooved segments upon the existing fly-wheel, when the speed 
is sufficiently great to allow of a limited number of ropes being 
employed, and the width of the wheel-pit is also sufficient for the 
purpose; but if this plan cannot be adopted, grooved pulleys are put 
on the secoud-motion shaft, and the ropes carried to the different 
stories of the mill. It has even sometimes been necessary to put in 
a counter shaft, so as to gain speed and get sufficient length between 
the centres of the shafts on which the pulleys are placed. 

A comparison has now to be made between the system of rope 
gearing and the other 2 systems in use at the present time. The 
system in most general use is toothed gearing; in this the first driver 
is the spur wheel fitted on to tlie crank shaft of the engine, into 
which is geared the driven pinion of smaller size. In order to insure 
these 2 wheels working well, it is absolutely essential that the cen- 
tres of the engine shaft and the shaft of the pinion are rigidly fixed 
at the correct distance from each other, and that the teeth of the 2 
wheels are accurately of the same pitch and size. The first of these 
objects is obtained by making the engine tied, in a horizontal engine, 
a strong rigid casting resting on an expensive ashlar foundation, or 
in a beam engine the foundations are alone depended upon. If these 
objects are obtained, the wheels ought to work smoothly and without 
much noise ; but how often this desirable object is obtained, it only 
requires a walk to be taken through the streets of a manufacturing 
town, to ascertain by the rumbling noise, sometimes heard at a dis- 
tance of several hundred yards, that all is not as it should be for the 
safe and economical transmission of the power of the steam-engine. 
If the factory consists of more than one story, the power has to be 
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t»kea irom the second-in otioa shaft, by means of an upright shaft 
and bevel wheels, requiring heavy wall boxes, aud strong walls to 
teep the wall boxes in their places; the whole object in the coustruc- 
±.ioa of the &ctorj being to secure a rigid and immovable structure, 
^ matter which is very difficult to attain. 

In the ease of rope-gearing, the rojiea by whieh the power is trane- 

xxiitted consist of an elastic substance, aud their lightness, elasticity, 

a.nd comparative slackness between the pulleys, are highly couducive 

to their taking up any irr^ularity that may occur in the motive 

power. This accounts for the slight attachments that are required for 

shafting driven by ropes from a grooved fly-wheel ; and it is the same 

^ith all the bearings throughout the mill, the shafts in the various 

flats only requiring a light wall-bos, bracket, or the bearing may be 

carried on a column of the mill. The cost of fitting up a mill with 

rope gearing is cotisiderably less than with tooth gearing, when the 

shafts to be driven revolve at a high speed, but the cost \s about the 

same in other cases. It is, however, rather difficult to give exact 

figures for this comparison, one great saving being in the fouadatioas 

of the engine, the wall-boxes, and the extra strength of the walls 

required for upright shafts. 

The great advantage of rope gearing, however, is the entire free- 
dom from any risk of a breakdown ; when a rope shows symptoms 
of giving way — and ropes always give symptoms of weakness long 
before they break — the weak rope can be removed, and another put 
in its place at any meal hour or evening. The coat of the mainte- 
nance of ropes for transmitting 400 indicated horse-power has been 
found to be £20 per annum, or about £5 per lOO indicated horse- 
power per annum. This is made up of the cost of renewal of the 
ropes, and occasional wages for tightening them. Some ropes have 
been found to run lOJ years ; but, as the general rule, the life of a 
rope may be said to be from 3 to 6 years, though even 5 years have 
been often much exceeded. 

The friction of rope gearing has often been found to be, for high 
speeds, considerably less than that of toothed gearing; but the 
writer regrets not being able to give definite information on this 
point, which is a very important one to those contemplating altering 
their gearing or building new works. The reason why no definite 
reason can be given — beyond the universal impression of those who 
have adopted them, that ropes require less power to drive than 
toothed gearing — is, that in all cases where rope gearing has been 
substituted, other alterations have been made at the same time, or 
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the engines were, after the alteratioo, driven at an extra speed of 10 
or 15 Rpm. However, every one who has substituted rope gearing 
for toothed gearing, also agrees in bearing testimony to the great 
improvement and steadiness of driving obtained after the alteration, 
aud that they are enabled to turn off a greater amount of yarns from 
the machinery in the same time. The tendency at the present time, 
with the introduction of shorter hours of labor and foreign competi- 
tion, being to increase the speed of shafting aud machinery, to be 
able by this means to increase the speed of the shafts must be of great 
advantage to those who own old mills, the toothed gearing of which is 
generally driven as fast as it is safe to drive it. 

The ropes used for rope gearing are mostly made of hemp, carefiilly 
selected ; the qualification of a good rope being that the fibres are as 
long as possible, and that the rope should be well twisted and laid, 
and yet be soft and elastic. It is also very important that the ends 
of the ropes should be united by a uniform splice — the splice should 
not be of a greater diameter than the other part of the rope ; to effect 
this object the splice is made about 9 or 10 feet long. 

The comparison between rope gearing and toothed gearing having 
been made, it remains to compare ropes and leather belts, which 
latter have been largely used in the manufacturing districts of Lan- 
cashire and Yorkshire, for the transmission of large powers. The 
writer has not been able to obtain very satisfactory information as to 
the amount of power absorbed in friction by large belts ; in some 
cases it has been said to be more, and in some less, than with toothed 
gearing. The most trustworthy information he has obtained is in the 
case of a 4-story woollen mill, where an upright shaft, with bevel 
gearing, was replaced by 2 belts, one 22 inches wide, and the 
other 27 inches wide, the power transmitted being 400 indicated 
horse-power, and the speed of the belts 3000 Fpm, The driving 
pulleys are on the second-motion shaft. In this case the power 
is stated to be the same with the belts as it was before the alteration ; 
but, as in the case of rope-driving, the "turning" is found to be 
much superior to what it was before the alteration. The width of the 
pulleys for ropes is generally rather less than for belts transmitting 
the same power ; but there is some difference of practice as to the 
width of belt used for transmitting a certain power. The cost of 
hemp ropes Is considerably less than of leather belling, the cost 
of hemp ropes being about la. per lb. against 3s. per lb. for 
leather belts. The grooved pulleys for ropes cost more than plain 
pulleys; but, making allowance for this, the total cost of ropea 
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and grooved pulleys for tniuamittiug a given power, does not exceed 
oue-half or two-thirds the coat of leather belting aud flat pulleys. 
The advantage of ropes over belting, however, lies iu the power 
being divided up into a number of ropes, so that, in the case of any 
one of the ropes showing symptoms of weakness, that rope may be 
removed by stopping the engine for a few minutes, the remaining 
ropes continuing to do the work until a stoppage of the engine occurs. 
In the case of belting, as only one belt is employed to drive one flat 
of a mill, if anything were to occur to the belt the whole of that flat 
would be stopped until the belt was repaired. 

Judging from the practice adopted, tbe comparative amount of 
power trausmitted by certain sizes of ropes aud widths of double 
belts, the writer finds that a 6i-inch circumference rope does about 
the same amount of work at a given speed of say 3000 Fpm as 
a belt 4 inches broad. This width, however, represents the smallest 
width adopted as a rule, 5 inches corresponding to tbe American 
practice ; but, taking a 4-inch belt, tbe bearing surface of a C^-inch 
circumference rope on the sides of the grooves on a 4-feet 6-inch 
pulley will be half the circumference, or 85 inches, and, allowing 
the rope half an inch width of bearing on each side, or 1 inch 
for both sides, the total bearing surface is 85 x 1 ^85 square 
inches, whilst the belt has 85 X 4 ^ 340 square inches, or 4 
times the amouut. Consequently, in order that a 6^-iuch circum- 
ference rope may transmit as much power at the same tension as a 
4-inch belt, the effective pressure per square inch of the bearing 
surface of tbe rope on tbe pulley must be at least 4 times as great 
as that of the belt. 

In order to obtain some information bearing on this point, a set of 
experiments have been made by Mr. A, W. Pearce, at Lilybank 
Foundry, Dundee, the results of which are given in the following 
table. The experiments were made with the materials at hand ; 
both tbe pulleys were just as they came from the lathe, and equally 
smooth, and they were nearly the same size as named in the table. 
Comparing together Nos. 2 and 5 experiments, it is seen that a 
6-inch circumference ungreased rope, with 336 lbs. suspended at 
one end, and passing over a 4-feet 9-inch grooved pulley, whicb was 
at rest, required only 28 lbs. at ihe other end to prevent slipping ; 
whilst a half-worn good single leather belt, 4 inches wide, with the 
same weight at one end, aud passing over a 4-feet 6-incb pulley, 
required 113 lbs. at the other end to prevent slipping, or about 4 
times as much as with the rope. The bearing surface of the rope 
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would be only about oue-fourth that of the belt, and the effective 

pressure per square inch of the bearing surface of the rope was 
consequently iu this case 16 times as great as that of the belt. In 
the experiment No. 4 a double leather belt, 6 inches wide and | inch 
thick, with the same weight at one end, and passing over a 4-feet 
6-inch pulley, required 98 lbs. at the other end to prevent slipping, 
or 3^ times aa much as with the 6-inch circumference rope. The 
experiments show, however, sucli a great difference between the 
results with different sizes of ropes as to make it impossible to come 
to any definite proportion between the friction of ropes and belts ; but 
they show, as was to have been expected, that ropes have a consider- 
ably greater hold on the V-abaped grooves per square inch of bearing 
sur^e than flat belts have on pulleys. 



Experiment* on the Friction of Ropes end Leather Belts □ 
Turned Pulleys. 
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The writer has been informed that in the United States several 
rolling-mills are driven by means of flat leather belts, and that very 
satisfactory results are obtained by tbeir use, and he wishes to dntv I 
the attention of members engaged in this department of manufacturer I 
to the suitability of rope gearing for this purpose. Although he i» | 
not aware of any practical example of its having been applied to 
driving rolling-mills, he is confident that from the slackness with ( 
which the ropes can work, and the hold tiiey have on the grooves of 
the pulleys, they would be admirably adapted for taking up the 
shock which is thrown upon the gearing of a train of rolls when the 
enters the rolls. 

Mr. Welsh opened the discussion by a mathematical criticism of 
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! principles involved iu the paper, arriving at a eorroboratioii of 
the angle of 40', approved by Mr. Durie, on the groimti that the 
tangent of half thia angle (0.3(i4) ought to be equal to the coefficieut 
of friction, which, taking the mean of the writer's experiments, was 
0.399. He enforced bis remarks by symbols and formulsa of fearful 
eompiexity, inscribed upon the blackboard. 

Mr. Paget said that he had been working in the same direction, 
and hail performed over 900 experiments with r view of getting at 
some general principle. The results, however, were so absurdly dis- 
cordant that he had abandoned the task. His best results corrobo- 
rated Mr. Durie'a angle of 40=. 

Transmission by Wire Ropes Used as Connecting -Rods. 

18U. On each of the shafts, A A, Fig. 78. are arranged 3 cranks, 

each 120° apart. These cranks are connected by wire ropes, which 
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iiia]r be of coDaiderable leugth and maj also be horizonia 
or mclined, as the location demands. 

The pulley, E, may receive the power from the motor, and D may 
transmit the same to the machinery where it is required. 

It is evident that the distance of transmission by this contrivance 
will be subject to the sag of the ropes ; but the rope connections may 
be multiplied by the use of intermediate shafts, and in that way 
uniform rotary motion may be transmitted to a considerable distance. 
The motion must be comparatively slow, however, owing to the severe 
strain which would be thrown upon the bearings by the surging and 
swaying of the ropes during the rapid changes of motion to which 




Fig. 79. 



they would be liable ; but what is lost in velocity may be gained iD 
power transmitted — as that is measured by the strength of the ropes 
— and it is an easy matter to make them carry heavy burdens safely. 
The writer saw this in use at the Whirlpool Rapids, Niagara, for 
driving the passenger-elevator recently erected at that place. 

Transmission of Rotary Motion by Rods. 

190' Reciprocating motion by a line of connecting-rods and 
swinging arms for working pumps and the like is old and in common 
use at mines and quarries. (See page 267.) 

But in order to transmit uniform rotatory motion, limited in distance 
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only by the practical working length of rods, the devices shown ia 
Fig. 79 may be employed. 

Two eccentrics, A A, set at right angles on the shaft, D, are con- 
nected by rods, E £, to two cranks, B B, which are also secured at 
right angles on the shaft, C. The motion transmitted is steady and 
noiseless, is performed in the name direction and in equal time, and 
is very suitable for valve-gears in ateam-eugines aud the like. The 
effect would be the same if two cranks were used in place of the 
eccentrics. 

The writer devised and applied this combination of well-known 
parts to driving the valve cam-shaft and governor of a beam atRHm- 
eogine built at People's Works, Philadelphia, in the year 1867. 
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J.01. Frijtioual gearing ib the term applied by Webster to wheels 
that traDsmit motion by surface eoDtact, without teeth. Among me- 
B and jjractical men who build aud use them, such wheela are 
usually called "friction gear." When spoken of separately, that is, 
without reference to their combination, they are called friction " pul- 
leys," especially those with faces parallel to the axes. When made 
conical, they are termed " bevel friction," and are usually spoken of 
ta " wheels," 

This style of gearing is now in use in the lumbering region of the 
north-west, and ia faat gaining favor wherever used. It has some 
advantages not possessed by other modes of communicating motion, 
which do not appear to be counteracted by any peculiar disadvan- 
tages. As a rule, however, it does not strike the mind of the me- 
chanic favorably when first suggested, but must be seen to be appre- 
ciated. The first impression appears to be that the point of contact 
is too small to possess any considerable amount of adhesive force. 

•JoHn H. CooPBB, Esq., Pkilasklphia. : 

DearSir: — Ah you propose to publiah, in your " Treatise on Belting." 
ftn article on Friclionai Otaring written by me, which you are at liberty to 
beg to add a word of explanalion. 

There paperN were prepared some 5 years ago. An extensive eiperience, 
however, since that time, with this method of triiuAmitting power, has hal tx 
firmed (he confidence I then exiiresred in itn efficiency. Pulleys or Hofl maple, 
that have been running for 8 years, and that have transmitted 30 horse-power 
by a, single contact, are to-day perfect. Some of these have not perceptibly w 
their journals. 

Another point it is but just to mention: — A more extended acquaintance 
with the mills of the north-west has shown me that I had aomcwhat overesti- 
mated the extent lo which thb frictional transmission is used. Its use, thougb 
cpiite general, is by no means universal. 

Truly Yours, 

E. 8. WiOK] 

1877. 
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It is generally I'eceived as a law that friction, or adhesion of contact, 
ia not in proportion to tbe estcnt of contact, but to the amount of 
pressure and the condition of tlie surfaces. But to many minds, this 
Jaw appears more as a leametl theory than as a practical truth. In 
fact, there are few, even of our best mechanical thinkers, who do not 
manifest some surprise when, for the first time, they see with what 
apparent ease oue smooth wheel will drive another equally smooth, 
by what appears to be a very sliglit contact; and that tbe second 
-wheel is not only itself driven, but carries with it ponderous ma- 
chinery, involving the expenditure often of more than 50 horae- 
jMwer. Nor is it strange that many minds are unprepared for such 
xeeulte, since most of our mechanics rely, to some extent at least, 
upon books, in the absence of personal experience ; and here books 
fail. 

There are, perhaps, no other means of transmitting motion, about 
■which so little has been written, in proportion to its importance, as 
frictional gearing. And most that has been written is upon the 
grooved wheels, which are frictional to their injury, and are, by the 
unequal motion of the parts in contact, aa well calculated to absorb 
tbe motive power as they are to destroy each other. 

As examples : In the latest edition of Webster's " Unabridged " we 
find the following definition: "Frictional gearing, wheels which trans- 
mit motion by surface friction instead of teeth. The faces are some- 
times made more or less V-shaped, to increase or decrease friction, as 
required." 

In a recent work on mill building, perhaps the latest published in 
this country, a work of large pretensions, the only allusion to this 
class of machinery is a single sentence, in the chapter on friction, as 
follows: "Friction also furnishes a convenient medium of communi- 
cating and transmitting motion in machinery, as in gigging back the 
carriage and log in saw-mills; and in some modern mills the whole 
driving power for both saws and mill-stones is communicated by fric- 
tion of iron upon iron." 

Another late mechanical work gives ns tbe following information 
upon friction gearing: "The surfaces of the wheels are made rough, 
so as to bite bs much as possible." 

The above quotations furnish a sample of what may be learned 
from books of this very important mode of transmitting motion. 
And yet, in all the vast lumbering region of the north-west, com- 
prising a large part of 2 or 3 States, and furnishing building and 
fencing material for several millions of people, there are few mills 
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in which some part of the work is not done by friction gear; and in i 
many mills the whole power, amounting to from 100 to 300 horae- 
power, ia thus transmitted. 

The growing popularity and importance of this rather new style 
of gearing cannot lail to make it a subject of interest to mechanical 
engineers and manuliicturers. 

With this view, the writer now proposes to give, in a short series 
of articles, some observations taken from a practical staudpoiut, and 
also the results of a few experiments, made to deterraiue the perceut- 
age of adhesive lurce or traction of these wheels as compared with 
belted pulleys. 

Now a word as to what friction gearing is, where it has become an 
undoubted success. In large mills, where this gearing is used V^, 
transmit power to drive 5 or 6 gangs, one or 2 large circular saws, 
a rauley, gaug-edgers, trimmer, slashers, lath-mills, ah ingle-rail la, 
and more besides ; where 20,000 feet of hoards may be sawn in an 
hour. The faces of the wheels are not " made more or less V-shaped, 
80 as to increase or decrease friction as required." Nor is the power 
"communicated by the friction of iron upon iron." Neither are the 
surfaces of the wheels " made rough, so as to bite as much as pos- 
sible." On the contrary, the surfaces are made smooth and straight 
as possible ; one wheel, or pulley, is made of iron, and the other of 
wood, or of iron covered with wood. So it is seen that the books are 
wrong, at least so far as applied to the localities where this gearing 
is most used. 

Where it is practicable, this gearing is so arranged that the wood 
drives the iron. This ia done so that the " slip," in starting up ma- 
chinery while the driving wheels are in full motion, will tend to 
wear the wooden wheel round rather than to cut it in grooves, which 
ia done to some extent when the wheels are reversed, though this ten- 
dency is much less than might be supposed, as in most cases the 
"bull wheel," used for drawing logs into the mill, is a large wooden 
wheel, driven by a small one of iron. And these wheels, though 
started and stopped with the driver in full motion a hundred times 
a day, work well and last for several years. But for machinery ill 
constant use, the wooden wheel should always drive the irou. 

For driving heavy machinery, the wooden drivers are put upon the 
engine-shaft, and each machine is driven by a separate counter-shaft. 
2 or more of these counter-shafts are usually driven by contact with 
the same wheel, and each is arranged so as to be thrown out fruni 
the driver and stopped whenever required, and again started at auy 
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moment, without interference with other machiuery. This ie easily 
accomplished, aa a very slight movement is sutlicieDt for the purpose; 
To drive small machinery, these Iriction drivers are put upon a 
line-shaft, so as t« drive a small counter-shaft, from which the ma- 
chine is driven hy a helt, and stopped and started by throwing out 
the counter-shaft, and throwing it in again. 

To select the best material for driving pulleys in friction gearing 
has required considerable experience, nor is it certain that this object 
has yet been attained. Few, if any, well-arranged and careful expert 
iraents have been made with a view of determining the comparative 
value of different materials as a frictional medium for driving iron 
pulleys. The various theories and notions of builders have, however, 
caused the applifation to this use of several varieties of wood, and 
also of leather, India-rubber, and paper ; and thus an opportunity 
has been given to judge of their different degrees of efficiency. The 
materials most easily obtaincfl, and most used, are the diHerent varie- 
ties of wood, and of those several have given good results. 

For driving lighl machinery running at high speed, as iu easb, 
«Ioor, and blind factories, bosswood — the linden of the Southern and 
iliddle Stat^—{TUia Americana) has been lound to possess good 
<]ualitiee, having considerable durability and being unsurpassed in 
the smoothness and softness of its movement. Cotton wood (papulus 
■vnonilifern) has been tried for small machinery with results somewhat 
simitar to those of basswood, but is found to he more aifected by 
atmospheric changes. And even white pine makes a driving sur&ce 
which is, considering tlie softness of the wood, of astonishing effi- 
ciency and durability. But for all heavy work, where from 20 to 60 
horse-power is transmitted by a single contact, soft maple (acer rubrum) 
lias, at present, no rival. Driving pulleys of this wood, if correctly 
proportioned and well built, will run for years with no perceptible 

For very small pulleys leather is an excellent driver and is very 
durable, and rubber also possesses great adhesion as a driver; but a 
surface of soft rubber undoubtedly requires more power than one of 
a less elastic substance. 

Recently paper has been introduced as a driver for small machinery, 
and has been applied in some situations where the test was most 
severe ; and the remarkable manner in which it has thus far with- 
stood the severity of these tests appears to point to it as the most 
efficient material yet tried. 

1 proportioning of friction pulleys to the work required, and 
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tbeir aubstautial and accurate construction are matters of perbapB 
more importance than the selection of material. The mechanic who 
thinks he can put up frictioual gearing temporarily and cheaply will 
make it a failure. Leather belts may be made to submit to all man- 
ner of abuse, but it is not so with friction pulleys. They must be most 
accurately and substantially made, and put up aud kept in perfect line. 

All large drivers — say, from 4 to 10 feet diameter and from 12 to 
30-iueh face — should have rims of sort maple 6 or 7 inches deep. 
These should be made up of plank, 1^ or 2 inches thick, cut into 
" cants," I, ^, or y'g of the circle, so as to place the grain of the wood 
as nearly as practicable in the direction of the circumference. The 
cants should be closely fitted, and put together with white lead or 
glue, strongly nailed and bolted. The wooden rim, thus made up to 
within about 3 inches of the width required for the finished pulley, 
is mounted upon 1 or 2 heavy iron " spiders," with 6 or 8 radial 
arms. If the pulley is above 6 feet in diameter, there should be 8 
arms, and 2 spiders when the width of face is more than 18 inches. 

Upon the ends of the arms are flat " pads," which should be of just 
sufficient width to extend across the inner fece of the wooden rim, 
as described; that is, 3 inches less than the width of the finished 
pulley. These pads are gained into the inner side of the rim, the 
gains being cut large enough to admit keys under and beside the 
pads. When the keys are well driven, strong " lag " screws are put 
through the ends of the arm into the rim. This done, an additional 
" round " is put upon each side of the rim to cover boit-heads and 
secure the keys from ever working out. The pulley is now put to ita 
place on the shaft and keyed, the edges trued up, and the face turned 
off with the utmost exactness. 

For small drivers, the best construction is to make an iron pulley 
of about 8 inches less diameter and 3 inches leas face than the pulley 
required. Have four lugs, about an inch square, cast across the face 
of this pulley. Make a wooden rim, 4 inches deep, with face equal 
to that of the iron pulley, and the inside diameter equal to the outer 
diameter of the iron. Drive this rim snugly on over the rira of the 
iron pulley, having cut gains to receive the lugs, together with a hard 
wood key beside each. Now add a round of cants upon each side, 
with theirinnerdiametersless than the first, so as to cover the iron rim. 
If the pulley is designed for heavy work, the wood should be maple, 
and should be well fastened by lag-screws put through the iron rim ; 
but for light work it may be of basswood or pine, and the lag-scr«ws 
omitted. But in all cases the wood should be thoroughly 
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in the early uee of friction gearing, when it was used only as back- 
ing gear \a saw-milk and for hoisting in grislriiiiil^, the puller's were 
made so as to present the end of the wood to tbe surface ; and we 
occasionally yet meet with an instance whei'e they are so made. But 
such pulleys never run so smoothly nor drive so well as those made 
with the fibre more nearly in a line with the work. Besides, it is 
much more difficult to make up a pulley with the grain placed radi- 
ally, and to secure it so that the blocks will not split when put to 
heavy work, than it is to make it up aa above described. 

As to the width of face required in friction gearing : When the 
drivers are of maple, a width of face equal to that required for a 
good leather belt (single) to do the same work is sufficient. Or, to , 
Epeak more definitely, when the travel of the surface is equal to 1200 
Fpm, the width of face should be at least one inch for each horse- 
power to be transmitted, and for drivers of basawood or pine IJ to 2 
inches. 

The driven pulleys, aa before stated, are wholly of iron. TJiey are 
similar to belt pulleys, but much heavier, having more arms and 
stronger rim. 

The arm should be straight rather than curved, and there should 
be 2 sets of arms when the face of the pulley is above 16 inche.=. For 
the proportion of these pulleys, a very good rule is to make the thick- 
ness of rim 2J per cent, of the diameter; that is, when the pulley is 
40 inches diameter, the rim should be an inch thick. 

To secure perfect accuracy these pulleys must be fitted and turned 
upon tbe shaft ; and when large, should rest in journal boxes in the 
latter while being turned. If simply swung upon the lathe centres, 
they are liable to vary while the work is being done. When turned 
exactly true, round, and smooth, these pulleys must be carefully and 
accurately balanced. Tbe neglect of this last essential point has 
worked the destruction of otherwise well-made friction pulleys. 

When thus constructed there is a beauty about the movement of 
this gearing which at once enlists the favor of all who can appreciate 
the " music of motion," and gives character to its builder. Its efficiency 
and peculiar advantages will be more fully shown fiirther on. 

In the practice of mechanics, we are generally satisfied with an 
old and familiar principle, without giving ourselves any great trouble 
to inquire into the comparative degree of its efficiency. But this 
does not satisfy the requirements of science; nor is it sufficient for 
the practical mechanic when applied to principles less familiar, 
p When new modes are introduced as rivals of the old, the question 
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^^M of comparative efficiency ia at once raised, and should be met by ' 
^H crucial experiment. But unfortunately for both science and practice, 
^P these questions are not generally so met. Too few eiperimenU are 
^ made, and those without euflicieut care and accuracy to establish 
principles or remove doubts. No experiment is, however, without 
some degree of interest, and when all the conditions of a test are 
known it is not difficult to estimate approximately the value of 
results. With this view, the conditions and results of a few experi- 
ments, made to teat the tractive power of smooth-faced friction pul- 
^_ leys, are here given. Tliese experiments, when made, were not meant 
^H for publication or for the benefit of science, but to establish rules for 
^^P private practice. They should be repeated by others before being 
^B takeu as conclusive. 

For the experiments, two pulleys were made in the usual way, one 
being of wood — soft maple — and the other of iron. Both were 
accurately and smoothly finished. These pulleys were each 17 inchea 
in diameter, and of (J iiirhen face, und were put up as shown in the 
annexed diagram. 


1 
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A, in 

long. 

pulley, 

H^ 3 inche> 

^^ft journal 


Fig. 80, 

the diagram, is a double bell-crank frame, with arn 
rhe ends of the upright arms receive the bearings (or 
I. The journals of this pulley are 1 J inches in diam 
long, and run in Babbitt boxes. The frame is hui 
or trunnions, T, and balanced by the weight, B. Wai 


a 2 feet 
the iron 
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gnpon 
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roug packing-boxes, which are filled with scrap-iron to the extent 
required. The face of the pulley, I, is extended beyond the 6 inches 
to receive the cord, C, for which purpose a shallow groove ia cut in 
the pulley so as to bring the centre of the cord juBt to the periphery. 
The driving pulley, V, is put upon a shaft where it may be made to 
revolve slowly in the direction of the arrow. 

It will be seen that the weight in the l>ox, P, upon the horizontal 
arm will bring the pulleys together with a pressure just equal to the 
weight. The wooden pulley being in motion, the preeaure, when 
sufficient, will roll the other pulley and raise the weight, W. 

The manner of experimenting was to put a given weight upon the 
cord, C, and, while the driving pulley was moving, to load the box, 
P, until the weight, W, was carried up. The machinery was then 
stopped, when the weight would slowly descend, slipping the iron 
pulley backwards upon the wood. The weight in the pressure box 
was now noted ; the weight was again raised, and the pressure in- 
creased sufficiently to hold the weight from slipping down, and the 
pressure again noted. 

In the following table, the figures on the left show the weights 
raised. The second column gives the pressure just sufficient to bring 
the weight up ; and the third column shows the weight necessary to 
raise and bold the weight, without slip. 
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LlM. 
10 
20 

30 
1 40 
, iiO 
1 60 

f 70 
' 80 
90 
100 
120 
140 
160 
180 


L... 

29 
58 
87 
115 
143 
171 
199 
225 
264 
295 
354 
416 
477 
538 


LlM. 
33 

65 
96 
125 
154 
185 
214 
244 
289 
312 
387 
438 
499 
561 


LIB. 

30 
60 
91 
121 
153 
183 
213 
239 
278 
310 
372 
442 
624 
692 


LbB. 

34 
69 
120 
159 
199 
242 
247 
332 
375 
419 
487 
663 
652 
731 



:r these experiments i 




Lnd twice repeated with the 
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pulleys, the frame. A, was reversed, so tbat the weight in the pressure 
box would teud to separate the pulleys. They were then couDected 
by a 6-iiich leather belt, and the experiments repeated with the 
results given iu the fourth and fifth columns of figures. 

It will be seen that, in thia test, the traction of the friction wheels 
was grealer than that of the belted pulleys, and considerably more 
than is usually supposed to be obtained from belts upon pulleys of 
either wood or iron ; and that, while there is a marked falling off iu 
the adhesion of the belt as the work increaises, tliat of the friction 
increases as the labor incomes greater. Also, tbat the difference in 
the pressure required to just do the work, aud that necessary to do it 
without loss or slip, advances in an increasing ratio with the work 
of the belt ; but in the friction it is almost constant throughout the 
whole range of esperiments. The figures applied to the friction 
wheels are the mean results of repeated experiments; those applied 
to the belted pulleys arc each of a single test. It is not thought that 
these experiments were sufficient to fully establish all that the figures 
show ; but they were enough to prove that smooth-faced wheels pos- 
sess a much higher tractive power than has been generally supposed. 
They are given without further deduction or comment. 

And now a word as to some of the advantages of friction gearing. 
Being always arranged with a movable shaft, so that the wheels may 
be thrown together or apart with the greatest ease, the machine 
driven by it is started aud stopped at any moment while the driving 
wheel remains in motion. And when stopped, the separation is com- 
plete, and may so remain for any number of minutes or months with- 
out attention, and may be again started at any moment withont the 
least inconvenience or injury. So slight is the separation required, 
that it is done almost without an eSbrt. And by it we entirely dis> 
pensB with the nuisance of loose pulleys, belt shifters, aud idle run- 
ning bells; and with the risk of throwing off aud putting on belts. 
It obviates the delay aud labor of shipping and unshipping pinions, 

• and the rattle and bang and frequent breaking of clutches. It is 
durable, and requires no repairs; it is compact, aud economizes room. 
It does not increase the pressure on journals when the speed is quick- 
ened, as is the case with belts running with great velocity, but remains 
constant at all speeds. And it will transmit any amount of power, 
from a hundredth part of a horse-power to 100 horse-power, with no 

■, greater percentage of loss, and with less pressure on journals than 
■ can be done by belts. 
\ It is not contended that this style of gearing should supersede the 
belt. There are hundreds of situations in which nothing can take 
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«of belts. The eaee with which ihey can be carried in almoet 
aiiy direction, and to any reasonable distance, will perhaps always 
place them foremost Od a lueans of transmitting power. But where 
several machines, that must be run iudepeudeutly of eacii other and 
be stopped and started without interference, are driven by the same 
motor, one connection, at least, should be frictional ; and that, if 
practicable, should be the connection nearest the motor. Where the 
motions are slow and the occasions for stopping few, this is of less 
importance ; but where the speed is considerable, and the stoppages 
are frequent, it wilt be found a very great convenience. 

Since the intrixluction of friction as a means of transmitting motion, 
it has often been desirable to apply the principle to bevel gearing. 
Frequently, however, this has been unsuccessful. The failures have 
resulted either from the want of a correct knowledge of the principles 
of bevel gearing, or from imperfect workmanship in the application 
of those principles. 

When correctly and substantially built and accurately put up, 
bevel and mitre friction pulleys, within certain limits, operate just as 
'Well as in the other form. True, we cannot in these, as in the cylin- 
drical pulleys, extend the face ad libitum without greatly increasing 
the diameter ; and for this reason, when great power is to be trans- 
xsitted, it is not convenient to use this form of gearing. But in all 
fast motions, where not more than 10 horse-power is to be transmitted, 
the bevel friction is one of the best means of connecting at an angle. 
It may be adapted to almost any change of speed, and set to any 
ajigle, either right, obtuse, or acute, and has the same advantages in 
operation as the other form of friction. And when it is required to 
reverse the motion at pleasure, it is most conveniently done by set- 
ting two bevel pulleys upon one shaft, facing toward each other, and 
placing one upon another shall between them, so that it may be 
brought into contact with either. 

In building this gearing, the iron cone, or pulley, is made similar 
to a bevel pinion, except as to the teeth, instead of which there is a 
smoothly turned face. The same care should be bestowed upon the 
accuracy of finish and balance that is required in the other form of 
friction pulley; but the pulley may be made somewhat lighter in the 
rim, as the conical form gives additional strength. In making the 
wooden driver — the iron pulley being furnished — the first point is 
to determine the exact diameter and bevel, for upon the correctness 
of iheise, to a great extent, dei>ends the succras of the work. 
^^^kTo obtain these dimensions, place a square across the smaller end 
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of the fiuished iron pulley, and aet a bevel to it, as shown in Fig, 81. 
This will give the correct bevel for the face of the driver. 

Next, upon any plane 




Burface of sufficient aiie, 
draw the lines, A E and 
A C, making tha length 
of the line, A B, just 
equal to the larger diam- 
eter of the iron puUi 
and the angle at Aaright 
angle. Then, with the 
square and bevel, or with, 
a movable T square ad- 
justed to the bevel, draw 
the lines B C and A 



Fig. 81. 

The distance, A C, is the diameter required for the driver, aud ths 
other dimensions are easily obtained. 

To obtain the bevels for pulleys to work on shafts placed at acutft 
angles, draw the lines as in the annexed diagram. Fig. 82. 





4 r- 


\, 




\ ' 

\ 

\ 


y A \i 



^L . the 1 



Fig. 83. 

First, draw the line, A B, to represent the driving shaft. Then, 
a right angle, draw the line A C, making its length equal to half the 
diameter of the driving pulley. Next, at the angle at which the' 
shafts are to be set, draw the line C D ; and at a right angle from 
this line, draw the line C E, making its length equal to half th« 
required diameter of the other pulley. From the point, E, paralld. 
to C D, draw the line E F, which will represent the other shaft. 
Now, from the point of a section of this and the line A B, drair 
the line G C, which will give the bevels for both pulleys. 
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r not above 2J feet in diameter, the driver of the bevel pulleys 
may be built upon a "hub flange" — a disk of irou of about two- 
thirds the diameter of the pulley, with a hub pixijecting from one 
side. The hub ehould extend iialf an inch beyond the thickness of 
the wood to receive an annular disk of smaller diameter, through 
which the whole may be securely bolted together. 

Upon the flange, around the hub, the pulley should be built. The 
first 2 or 3 inches, to form the back, should be of hard wood put on 
radially. For the balance, use mfl maple. It is, in the present 
state of our knowledge, the only wood that can be recommended 
for this form of friction gear. It should be laid on this, as upon all 
friction drivers, with the grain running tangcutially as nearly as pos- 
sible. And each subsequent course should be made smaller, so as to 
form the bevel. The layers are put together with glue or white lead, 
and carefully and thoroughly nailed. The builder should be careful 
to make the joints perfect, and to put the wood snugly around the hub. 
When the wood is built up to sufficient thickness, the other flange 
should be put on, and the whole bolted together and turned to the 
exact diameter and bevel required, and the pulley should be balanced 
'vith the utmost care. 

For a larger bevel driver, it is beet to use an iron centre with arms, 
^nd a flanged rim something like a car wheel. The diameter of the 
xnm or cylinder should be a few inches less than the smaller diameter 
^3f the face of the pulley, and that of the flange something less than 
"the larger diameter UjKtn this wheel, the wooden nm is built as 
directed upon the hub flange, except that the bolts must be put in as 
the work progresses, so that subsequent layers will cover the beads; 
^id the pulley is finished without the i-maller flange 

The diagram (Fig 83) shoaa a cross section of this pulley, which 
"will be understood without further explanation 




Fig. 83. 

In setting np this gearing, it is of tbe utmost importance that the 
countershafts line exactly to the centres of the main or Hue shafti'. 
and at the prenee an^le for which the pulleys were fitted ; and that 
they are substantially set, so as not to get out of line. 
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Tliia gearing ia thrown on aud off, connected and separated, by 
moving the countershafts endwise in their bearings, Tbia may be' 
■ done by allowing the end of the shaft to extend through beyond the 
outer bearing tar enough to receive au extra box, one end of which 
is closed and Babbitted to receive the end pressure. This box is set 
up by a lever, to which it is pivoted. Aud by having the end of the 
shaft grooved where it ia embraced by this box, it will be drawn back 
where the Jever is released. In light work, it ia as well to make the 
outer bearing do the whole, by making it both an end and side bear- 
ing, and haviug the box movable in a line with the shaft. 

The pressure required to hold these pulleys up to the work is not 
great, aud ia easily applied by finishing the end of the shaft, and 
using a fiat bearing of anti-friction metal, the full size of the shaft. 
Sometimes a steel point, like a lathe centre, is set agatust the end of 
the shaft to receive the pressure; but this is a very bad arrangement 
It makes the bearing surface too small, aud Is one of the worst forms 
of beariug to keep supplied with oil. A flat bearing of wood, espo< 
cially of hard maple, is very much better than this. 

When there is considerable difference in the sizes of bevel pulleyB 
working together, the end pressure is most upon the shaft, carrying 
the larger; but this may frequently be neutralized, upon lines having 
several of these drivers, by setting them with their faces reversed, 

A point tliat should never be lost sight of, in constructing setting' 
levers lor all friction work, is to make them adjustable, so that the 
pressure may be easily increased if required. This ia sometimes don) 
by a ratchet with several notches, into any one of which the leveri 
may be drawn ; but it is generally better to have but one catch, and 
to make the adjustment elsewhere. This may he done by conuecdng 
the lever, to the part to be moved, by a rod having adjusting nuts, 
or by making the fulcrum adjustable by bolt or set screw. 

These adjustments should be made by the person haviug charge 
of the machinery, not by the operator of each machine. They shouli 
be kept tight enough to do the work required ; but more than this is 
a waste of power, and a useless strain upon the machinery. 

It may seem unnecessary to give the diagrams of lines for the 
dimensions of bevel gearing, as these are well understood. But it 
must he remembered that we have no work on millwrighting at prefl- 
ent that gives information on this point of any scientific or practical 
value, and that our millwrigiits are not all familiar with the 
struction of this gearing. Our mills, though superior, are built with-. 
out rules or uniformity of construction. 




ON TH£ DRI7IN0 POWER OF LEATHER BELTS. 

(See Jol-bsal op the Fk4sklis I.vstitute, Nov., 1879.) 

192. One of the earliest attempts at iaveetigating the esaential con- 
dttiooa of dririnti belts, and of fonunlating a rale aud tiiblts fur reudj refer- 
cni-e, is that of M, Livboide, dating prior to the year 1833. As his memoir 
is little kiiown and not easily accessible, a correct preseototion of his views 
is desirable, and to this end the liter^ reudering of his jiaper, together with 
dnla from other authorities for oomparison, iu given lielow. 

It ia worthy of itoin that M. Laborde derived his dutu from belts in lue, 
acid that he relied for years upon the rale whieh he has given. 

After adoptinf; a foriuolo, based npon the area of contnet, ss the ligM 
measure for the transmitting power of o belt, iatroducing dimensioas dit- 
tBled by his own Bucceasfol practice for a dynamic nnit, we find oar author 
stating distinctly the limitations of his role ti> 180° of pulley contact, and 
granting to each user of bells the privilege of substituting his own unit of 
measure, well knowing the existence of diflfering opinions on this subject, ae 
we find at this time, hnt of the reliability of the fcimiula ho ia sure. 

All sntiBoqueot writers on belting have reproduced Laborde's" well-known 
truths'' in some form or other, which may be proven by reference to the 
ample qnotations given in this treatise. 

These truths are readily dedticible ftom his teit, and are here condensed: — 

The resistance to be oven-onie must be less than the force required to Blip 
the belt. 

The tension mtiBt not iiyure the belt. 

The tension must not strain the shalta nor unnecessarily Increase joariuil 
ftiction. 

The belt must adapt itself perfectly to the pulley surface. 

The belt should be of single thickness. 

The pulley snrik^es muat be smooth. 

A belt nnder like condlticrns will slip the same on lai^ as on small pulleys. 

The efficiency of a belt is as the prodnct of its width and speed. 

The best driring by belts is derived from the higher speeds; tor low speeds 
gearing should be nsed, aud generally; — 

The efficiency of belts U best obtained from high speed, low tension and 
redm*d width. 





And, as for the role, it will be necessary first to get etact dimonaiona of 
the belt be lia-s chosaa for the "Btarting point," in English meaanre, before 
comparisou can be made. 

The belt eelected by M. Laborde, which readily transmitted one French 
horse power under sate tension, on smooth-Qiucd pulleys of cijoal ditimeter, 
had a breadth of Spoueco (3 inches) and 500feet of speed per minnte. I have 
taken Armcngaud's figures of the aauie belt, which are 0.081 ra. (= 3 189 
tDches] for the breadth, and 162.50 m. (= 633 feet) fur tile speed, transmitting 
one cheiwil of 75 kilogiammetres (^ .0B6 English horse power). 

In other words, this belt had a sarfacc velod^ iif 14.'S.R56 square feet iier 
minnte per horse power, and worked nmier a stress of 19.15 pounds per inch 
of width. 

This tension is low compared with American practice, bnt other foreign 
writers have adopted near the same ba^e as that of Laborde. 

From "Tables, Rules and Data, by D. K. Ciarke," London, 1877, I quote: 
" M. Clandel instances the common experience that a beltS^ inches broad, 
moving at a veloci^ of 9 feet per second, can very well transmit one hoise 
power with ordinary tension, and without overstraininf!, working on turned 
and smooth pulleys of equal diameter; the working tension is only about 20 
pounds per inch wide." 

It will be noticed how nearly Clandel's example of working belt corre- 
spimds with that of I.aborde; it is probably the same. 

" Dr. Ilartig found, Irom experiments made by him in a woolen mill, that 
the tension of the driving belts varied from 30 pounds to 532 pounds per 
square inch of section, and that it averaged 273 pounds per square inch." 

" An average working strength of 300 pounds per square inch of section 
af leather belts may be accepted for purposes of calculation." 

M. Carillon, M.E., of Paris, quoted by Armengaud, employs as liase: "A 
belt can transmit one hoise power, if it have a surface velocity of 98.0 square 
feet per minute, providing not less than one-third of the circumference of 
eitberpQlley be embraced." This is equivalont to a working stress of about 
28 pounds per inch width of belt. 

M. Morin I find variously quoted: 276, 234, 235 and 355 pounds per square 
inch of section for continuous working stress of belting leather, being 
attributed U> him. Box gives 310, Haswell 3!H}, Abel 320, and Webber 
adopts 330 for a purpose hereafter explained . 

The thickness of belts is also differently stated; many writers name 
A = -Ifi'S inch; Morin says, .1575 to .3150 inch; Webber, .166S inch, and 
Towno, ^ = .219 inch. 

It Is easy now to show the origin of different rules for the driving power 
of one inch width of belting, for il' we take 350 X -1875 — 65.625 pounds, 
we have the rule adopted by Briggs and Towne, and if we take 330 X .1666 
= 54.97S pounds, we have Webber's rule. Each starting (rom a different 
base, with different section of materiai 

In &ct, a single leather belt in good driving condition will transmit 100 
pounds to the inch of width, as shown in Art. 15. 

We have, at this stage of the inquiry, at last reached the e^remet of reli- 
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i praL'tice — 20 ami lOO poonds lUiving power to the inch width of single 
leather belting — it will not be liifflcult, then, to reccndle the (liilereticcfl ol' 



If, instead of taking Morin's bighetit Ugnres for coatiunoos working streae 
on belting li^tlier, wc approuch s uiFan of the ligitres quoted, say 330 poimdB 
— employing Webber's line of aigument — we strike the component part of 
the horse-power nnit, wbeD(.« we reach the following convenient and reliable 
TOlfs;— 

330 ponnda at 100 Fpm. = 33,000 pounds 1 Fpm.; 

or 1 sqnare inch of lielting at 100 Fpm. ^= 1 botso power. 
If belting leather be \ intb thick, then, 

1 inch width at 600 Fpm. = 1 horee power ; which proves that the old 
" rnle of thumb " has foundation in fact. 

Fttrthetmote, V*/ = 50 = square feet of belt per minnte per horse power. 

Also, we have j^-yia = 55 =: stress in pounds per inch of width. 

And, finally, of rules it may be said the practical mechanic needs but one, 
for the onlinary cosea of trausmussion of power by belting, and that one is a 
v«ry simple statement. 

It IS the gtraa in pounifn mhicA each inch of width of belt will aafel!) ami con- 
tinuoH^S beer at ana tvlocHy. 

From what is said above, the reader will clearly understand the practical 
range of belt capacity as given in the books. Prom Laborde's starting point 
of near 20 Ills., which is certainly safe, even with low quality of belting, to 
the greatest constant loail, say 100 Iha., which a firat qnality single leather 
"belt will carry. Between these working liinita, the choice of stress for belt- 
ing will vary with the quality, section, length and condition of the belts 
employed, aud with the proportion of pulleys and of speed in the system of 
sneehimisni of which they form a part 

XeiBaraheB o 
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LAliOHHK, M. E.* 

The first idea which presents itself in this research is, that the resistance 
be less than the force which causes the belt to slip upon 



■the circumference of the pulley. The second is, that 
snnst not arrive at a point to stretch it, because it would be to 
•destroyed. The third is, that drawing too strongly upon the axes, 
cince increases, as if these axes were increased, in the same pro[ 
"height as is represented by the tension, which necessitates an int^rc 
strength of the joomals. 

Yet a fourth question presents itself : That a belt must be very fli 
"to express it better, very supple, in order that the power employed 1 
continually to touch io all its parts, be as little as possible. 
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Oae aux then conclude, with these four reQectious, that a belt ODgbt nev^ 
to be doubled, bot consist of a singte tbicknesa of leAtber, softened, i 
dry, with plain toUow; that it must never be employed at u, tensiou wbicb 
can stretch it to a point to deform it, and tbat it on^ht to adapt itself per- 
fwtly to the eircanilenaice of the poileya; that, for this reason, the poUeyS' 
maat be tnmed smooth, and not ridged, neither lengthwise m 
is often done. 

Theae well-known troths have only helpwl us to find a rule which govena 
the breadth and the speed, according tc 

If we wish to traoamit power, the necessary force of which be represented 
by 7, aod the breadth of the belt be represented by a number, for example, 
10, and by a speed of 100, it is evident that to transmit a double forte, a 
breadth of 30 with a speed of 100 will be necessary; or 10 of breadth with 
aoo of speed ; or, briefly, there is necessary a breadth and a speed, snch that 
their product, comparative at first, be in the ratio of 2 U 
conclnde that the forces to be transmitted are to each other as the producte 
of the breadths of the bella, mnltiplied by their speeds. 

Then calling^ a known force taken tor a base, I' a known breadth; 
known speed, taken equally fur a base. Calling, alEo,/" any force what- 
ever, (" a breadth, and v" a speed in the prmlnrt, let it be relative to thia 
force whatever, and we shall have the following proportion: — 

f:f'::l'v': I" v". or/ I" v" = f I' v', 

which will be the general formula. 
It is then no longer the question to find, i 

Here each practitioner can vary his opinions 
but all raust be io accordance with the formula. 

My experience has shown me, as a good base, that the force of 6 men, or 
of a hoise, or, to express it better, a dynamic nuity, is transmitted very well 
wit3> a breadth of 3 inches (poucea), and 500 feet of speed per minute. Such 
a belt, acting upon a non-ridged pulley, i. e., smoothly turned, has no need 
of a strong tension, and does not deform itself. It is well nnderstood that 
this refers to a half-embraced pulley, for in transmissions where the palleys 
are embraced but a fourth or a sixth, we must modify the rule, but the boae 
is correct, whatever the diameter of the pulley may be; and, in fact, if the 
pnlley be 5 feet in eircnmference, it will make 100 turns per minute, bnt if 
it be only 2j feet, it will make 200 tarns ; it vcill then, during the same time, 
have presented the same surlace to the action of the belt; which explains 
why, when a large or a small pnlley, each half embraced by the belt, the 
iH'lt does not slip sooner on one than on the other. (However, we must not 
descend to the infinitely small, for then the movements will be defective.) 

According to the statements which my experiment has shown me as a good 
vaee, 1 have dran'n np the following table, which has ser>'ed me as a gnidein 
my applications for the last ten years: — 
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306 THE DRIVING POWER OP LEATHER BELTS. 

This table clearly repiesenta at a glaDce as to haw far one can make □£ 
beltB to tiannniit power, and at what point to abandon them for gearing; for 
all that is helow the line C D wimld l>e a ■toy bad use of belting. For t 
which Le between the lines A B and C D, two belts, ranning 3 or 4 inches 
apart, sboald be used. 

It wcmld be al)aurd, alao, to think of making belts of one, two, thiee, e 
lines in width, lor, in order that » belt draw npon the pulley, it muKt be at 
leaat two inches wide, only itia not strotthed at all, for example, the belts of 
atampeis: Uiat of a cotton stamper, according to calcnlation, would be soffi- 
tiently wide at 4 lines to drive it, but it is ueeesaary to make them 2 ineheB 
wide in order that the velocity does not caase them to mnoflf pulleys wiUiont 
gtoovea. 

It is well to remark that, on account of their excess of breadth, so mnch 
less tension iB, given to them; it is not the same with the driving belt of this 
machine, whose speed is 400 feet per minute, and at that speed hna to ov 
come one horse power. 

The corresponding breadth in the table is foiuid to be 3 inches 6 lines, & 
there is here no reason to modify the rule. 

It is to be noticed, at the two extreme angles of the table, that a belt of S 
inches at a speed of itCKH) feet can transmit a force of 10 horse power, while 
the some belt at a speed of 50 feet can transmit only the power of one nil 



(See JouESAL OF the Franklin Institlte, May, 1879.) 

193. In the Jol^bnal of the Franklin Institlte tor November, 

1878, is given a translation of Laborde's researches on the principle of the 

employment of belts for transmitting power. 

The rules and tables for formii^ part of this essay are restricted to driving 
belts which embrace bnl half the circuiaference of the pulleys, and for this 
reason they have a very limited application in practice. In order, therefore, 
to extend the nsetiilness of Laborde's work to the calcnlations of belts on 
pulleys of unequal diameter, which comprise much the greater numlier of 
cases, the " i>hser¥ations " of Mr. J. Heilmann are given below, a raannscript 
copy of which was kindly furnished to the writer by Mr. V. Steinlen, of 
Mnlhonse. 
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" At the general meetmg of the Society, held on the 29th of May, 1833, 
Mr. Joshua Heilmann made you, in the name of the Committee on Mechim- 
ica, a report on the memoir of &Ir. Laboide concerning the width of belts for 
transmission of power. In this report it is demonstrated that the table of 
Mr. Laborde cannot be applied except to the especial case of two pnlleys 
of the same diameter, and consequently each one is enveloped half of its 
periphery. 

"The inquiry made by the Society.in its department proved in effect that 
for such a special case the dimensions indicated by the table are goodj btil in. 
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OtlieT cases, and those which o(«ar most freqaentlj, the table will no longer 
answer. 

" Having occnpied myself in the search for the true laws relating to this 
theory, as yet hut little applieil in the arts, and 1>eli(;viiig to have solveil the 
qnestioD, I arrived at the roDclnaioDs which I have the honor to snbmit to the 
Society. 

" Belbre speaking of the width of the Iw-lt, it is necfssary tn consider and 
to study the friction of the belt npon the surface of the pulley ; and to find the 
tme expression of this friction we most neceSMirily (tinsider the case of b 
pulley invariably fixed, and with the belt only movable; then admit that 
there be applied to the belt in the direction of ita axis on the other side a 
force equal to the resistanM, and on the opposite side a force equal to the true 
motive power. 

" In this manner we shall have the fiiction at the cirenmference, while, if 
we had snppueed the pnlley movable cm ite aiis, the results would only have 
shown the friction at the centre, arising from the pressure of the belt trans- 
mitted to the pnlley. 

" The science of applied mechanics gives the formnla relating to this subject 

^^^HfolloHs: Calling 

^^|h i", the resistance to he overcome, 

^^^H f, the base of Naperian logarithms, 

^^^P /, the co-efficient of friction of leather upon cast iron, 

^^^B R, the TadiOB of the pulley, 

^^^B S, the length of the are of contact. 

I 

"In considering this formula, it is easy to see that the friction diminishes 
lapidly when the radius increases, and that it augmeutii rapidly with the 
length of the arc of contact, which explains a fact well known in piactice. 

" But it is to he noticed that the ratio w isa constant quantity lor the same 
angle, whatever may be the radina of the pnlley, because the eircnmferencea 
and consequently the arcs of a same number of di^rees are proportional to 
their radii. It teaulte, therefore, that the friction is the same for the same 
angle of contact, whatever may be the radius of the pnlley; or, in other 
words, that the length of the arc of contact should be proportional to the 
ladius of the pulley to produce the same friction, all the rest being equal. 
A result of great simplicity. 

" All this being considered, we see that the laws concerning the friction 
of cnrve<l surfaces are very different from those which relate to plane aurfitces. 

"Thus, for plane surfaces the ratio of friction to the pressure is constant, 
whatever may be the extent of the surface, while with the cylindrical 



■"ThiB fbrmnla is written thus:— 



Frictic 



. = i'(w''-i) 
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Bnrraces of which we speak, on the raratrarj, the ratio varies not with the 
extent of the sarikice, hut with the propcirtioiiBl part of the drcnrofereoce— 
with the anmber of dc^p^ees comprised in the nrc of oontact. 

" It is eosy to acconnt for this difference. 

" A plane aurlace nnder prcsaare is int^reased in size, the elements of Eur- 
fiicea which »re added are aU alike, and wliat is more important, are all 
eq imlly pressed over the entire extent of the snrthce, each inch aqnare, for 
oxaraple, ret^lTinf; the same piessare. 

" But let ua consider a ejlindrical snriace pressed liy a belt in the direction 
of presBore perpeadicular to the axis, the presanre is not uniform; it is a 
itiatiniiiTii at that point where the tension of the helt is a maximom, since it 
is always the sum of the components in the direction of the radii of the ten- 
sions of the adjoining elcmeats. 

" This pressure diminishes toward the two extremities, and if an element 
of sniDlce be added to the are of contact the presanre will have another dis- 
tribution on the snifan!, and the friction will chaDge. 

" This reasoning is not applitable to the case where the surface of the belt 
is increased in the direction of its width, hecanse then any section whatever 
perpendicular to the length of the belt receives always the same presanre as 

" It follows, then, that:— 

" The friction is the same for a same angle and a same tjfnaion. whatever 
may be the width of the belt. 

" We see, then, that the friction of a belt npon a pnlley depends 
lat On the pressure or on the tension of a belt. 
2<1. On the angle of contact, 

' ' And that the friction is independent 

1st Of the diameter of the pnlley. 
Hd. Of the width of the l*lt. 

" The frittion is propo-tional to the pressure. 

" According to the formula cited above. I have constrncted, with the aid 
of it^arithms, the table on page 309, which gives the ratio of Mction to 
prcssnre for any angle. 

" The ratio of friction to pressure for leather upon plane anrihces of east 
iron have been taken iVom the experiments of Mr. Morin ; I have, however, 
verified the figures with a belt such as is in nse in cotton mills. 

" All the results relate to the case!< where the machine posses from a state of 
rest to that of motion, the case in which the maximum of force is necessary. 

"Now, let us examine wliat part the breadth of the belt plays under theae 
circumstances. It is evident, after what has been said, that the smaller the 
angle of contact is, the greater the strain which must be put upon the belt to 
transmit a given tbrce; because tlic liirceit is possible to tnummit by the pnl- 
ley is always iiiferior, or, at the moat, equal to the friction produced npon the 
surface; if the resiatonce of the machine were greater, the belt would slip on 
the pulley. Now, here the width of the belt serves no other pnrpose but to 
give to the belt a resistance — a strength sufllcient to sustain this tension with- 
out stretching or breaking. 
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"This tension, and with it the width of the t*lt, moBt necissorily b« 
in inverse ratio to the figures presented in m7 table. Consequently, in prao- 
tice, we most employ the table of Mr. Laborde in the following manner, 
tiKMlificd by what I hare the himor t<) present, a method by which one can 
convince himself that the widths indiiat««l by Mr. Laborde may sometimes ■ 
be increased in a. tenfold proportion, or be reduced to a third, according to 
drcamstances. 

" In the first place, in practice, we should determine the namber of man 
or hoise power, the maximum force to be tranamittwi by the belt, ratd the 
speed at wliich it is to be driven, which will indicnte a. certain breadth in 
inches given by the table of Mr. Laborde. Then measure, in degre€e, on the 
sor&ee of the smaller palley, i. e., the least enveloped, the ore of uontact 
with the belt^ Then find in my table the figure which expresses the ratio of 
friction to the pressure corresponding to an angle of 180°, which served as the 
basis of couBtruction of Mr. Ivibonie's table j then multiply the breadth 
found by thifl ^care, and divide the product by the ratio of friction to tJie 
pressure correspond iug to the angle of contact found. 

" Eiample: Keqnired, the width of belt to tnulsmit a force of 2 horse 
power with a speed of 500 feet per minute, the angle of contact of the smallor 
pulley being 120°. 

" I find in the table of Mr. I^aborde 6 inches, which I multiply by HHl 
I have then 9 inches and 7 lines. 
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" Example: 3 man power, speed 400 feet per rainale, angle 240°. I find 
1 ineh and S lines, which I multiply by HiSi ^^^ ^ buve ibr tbe reaalt 1 inub 
and 3 lines. 

" I will odd, however, that one ratiat not forget tbnt the weight of the belb 
and ita triction when it is crossed are also factors to be introduced mto the 
foTmala, if rigorous exactness is to be attained. However, it is eaay to see 
that their figare is too small to embarrass the practical mechanic, who, in all 
cases, should not hesitate io give au excess to the width above that which 
proceeds from the caloulatioiis here given," 



OK TH£ ADHESION OF BELTS. 

(See Journal op the Fk4nklin Ikstitute, June, 1880.) 
194-, The driving power of belts, by which we mean the adhesion o 
"grip" that imparts motion to a belt while in contact with a revolving 
pulley, has been attributed lo several causes, to one of which I wish iu this 
short a^til^le to refer — that of atmospheric pressure'. It is called to mind now 
by reading some articles in late issnea of scientific papers, which lay great 
stress upon the efficacy of this means of creating adhesion. 

A belt has a, movement to and &om a pulley with perfect freedom, regard- 
less of the atmosphere, touching it as its form, pliability and strain permit^ 
and holding to it according to the interposed unguent, adheeive, or viscous 
substance, which has been spread over the surlace of belt and pulley. 

The kind of intermedia used has much to do with the driving power of 
belts. If fine lubricatixig oil be employed on clean surfaces of belt and pul- 
ley, it will effectually exclude the air from the suriace of contact, but the 
driving power will be reduced to a minimum, if there be any at all traua- 
mitted. If dry dust of yielding material be employed on clean sur&ces of 
belt and pulley, then, indeed, will the air with the dust diminish driving 

There are conditions of belt driving where it is alleged the interposed, film 
of air /f««fB«adheoion. Upon this Rankiae says: "It is well known, through 
practical experience, that a belt for comniujiicatiiig motion between two pul- 
leys requires a greater tension to prevent it from slipping when it runs at a 
high than at a low speed. Various suppnsltiuns have been made to acconnt 
for this, such as that of the adhesion to the belt of a layer of ait, which, at a 
Teiy high speed, has not time to escape from between the belt and the pulley. 
But the real cnuse is simply tile centrifugal force of the belt, which acts 
ju, and therefore slackens ita grip of the pulleys. ' ' 

In collecting ' ' belting facta and figures ' ' during the last score of years, for 
my own use, I met with several statements asserting with considerable con- 
fidence the doctrine of ' ' suction ' ' as the chief cause of attachment between 
palley and belt, but I could not find anywhere written a Mr Btat«menl of 




^^^nOBOns V9 



IS why snch a totix did or did nut act according to the circnmstancea of 
1>elt [triTiug, norconld I discover aay appeal to experiment, which, by remOT- 
iiig the atmoaphere, patting HDCtinn ontoidp the iipparutus (dh it were), would 
settle onve for all the value of vacnnm fur helt driving. 

It is very true thut if the belt doed nut toach the pulley it cannot pnll it 
.around, nor cun it be driven by tiiL' pulley. It is also true that if belt and 
Jpolley toneh on a limited area only, each can drive the other with a Ibrce, bat 
^ part of that which it la capable of doing, and it la only when contact ia made 
X^erfect — that is, when every square inch of the belt, no to speak, is down aolid 
«>n the pulley aurfece, which surface we will grant is very smooth — that the 
.^reatfst driving effect Is obtained. 

la practical proof of the necesaity of contact aud exclusion of air, I ofiei 
"the accidental discovery 'of ii contspomlentof the BoBina Journal of Commerce, 
:»Ian;b 5th. 1980;— 

' ' Some time since I was ruuuing an Andrews pump No. 4, elevating water 
~fchiongh a G-inch pipe 22 feet high, driving the spindle with an 8-inch belt on 
•^ palle; 12 inches diameter; 825 Hpm. 

" The pulley was on tlie under side of the belt I was greatly troubled 
~^ith slipping and ' squealing ' of the belt. Not wishing to run the belt any 
"fcighler, I ordered three rows of holes, | of an inch diameter, 2j inches dis- 
"tance on the ciicnmference, to be drilled, preparatoiy to &cing with leather 
^y rivets thiongh the holes. Not being able to liniah the job immediately, 
"the belt was put on, and, greatly to our aurprise, worked without slipping or 
' squealing,' running perfectly noiseless. TAeairmu !etmU Ihrowgh the hoiea." 
Moat mechaniw would account for the niia-slipping of the belt on the snp- 
iwsitiou that if it were tightly drawn it would bed itself iu and tling to the 
lioles, and that holes drilled hatf-way through the pulley rim would have 
.given the same result. 

These thingu being so, are we yet warranted in concluding that the impart- 
ing of motioa from belt to pulley, and pulley to belt, ia all tJie work of the uir, 
Or, rather, the effect of its absence tmm. the region of contact and the pre- 
sence of it on opposite sides of belt and pulley ? 

Again, is the driving of the belt in the same direction as that in which the 
SDction is felt? Now, mark, atmospheric resistance becomes sensible only 
by pulling lit right angles to a plane sarfate af joint «thivh daeii not admit air; 
release the puU and try to slip the piece used for testing (which may be of 
Wetted leather of handy size) over the surface to which it is applied ; it moves 
freely in every direction, offering no re^istant^, possessing uo adhesion, being, 
in fact, in equilibrium, and, by lilting one edge, can. be raised wholly away 
■with ease. 

The power of the belt does not move in lines at right angles to its contact 
with the pulley face, but tangent to the puUey circle, parallel to the face of 
contact ; as we slip tho test piece freely ira the flat, wetted surface, so the belt 
elides on Che pulley face ; there is no atmospheric pressure manifest in either 

But has any one tested this matter in a vacuum, and made record of the 
icsall8 gained ? See Art. 46 for a solution of this question. 
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(EXTBACTS FROM \BT, BKAD AT FlKST MEETING OF A. S. M. E., 1881.) 

EXFEBIMENTS ON THE ADHESION OE LEATHER 
BELTS. 



198. "The fbUowing experimenta have been made with thu view of add- 
ing Bomewliat to onr ac'tuol stock of knowledge of tiie adbesion of leather 
belts to smooth taat-iron polleya, at diflereat arcs of Hnrlace <»ntact, and, 
Althoitgli not ae complete aa might be wished, go liii to show that the adhe- 
sion is as the arc of contact, without reference to the diameter of the pulley. 
(Sec Article for Tables.) 

"This matter has been previooslj ascertained, so far as the diifeient siiias 
of pulleys are I'oncemed, by the eiperiments of the late Colonel Morin, and 
confirmed by those of Meaara. BriggB and Towne, when the arc of contact ia 
160°; or, in other words, when tlie Itclt touched 'half nrnnd' the pulley; bnt 
I have (bund no record of actual tests where the belt onlytoached one-<jnarter 




^ 




T" 



nnind, or 90°, or whew it was carried three-iiuartem ronnd, or 270°, though T 
have found plenty of theoretical calcnlations of what the result onght to he. 
In Older to satisfy myself on this pointy these experiments were made, bnt 
have nut yet been carried out aa fully an might be wished. They give the 
additional weight wbicti a belt, eqnally loaded at each end, would snppoit on 
one end withont slipping. This result was attained by the nse of a model 
shown in the a(;eompanying engraving, and loading the belt at one end till it 
slipped, and then reducing the load by half a pound at a time, until it became 
stationary. 

" The belts used were three inches wide, one entirely new, one old, hnt in 
goodorder, and quite soft with oil, and, Qnally, the same belt after drying thre» 
weeks. 

" The total weight of belt and weight pans at each end was 14J pounds, or 
7^ pounds fbt each end. 
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" To obtain the dit&real angloK, the belt wns led over an aati-fHrtinn 
roller of nood, 'i" in diameter, 0" long, and linng ou ii steel spintlle, \" in 
diameter, which would move with the difference in weight of the euiis nf the 
helt only, if tho latter was not careflilly balani«d over it. This roller waa 
BupporKd in an adjustable Btand, which allowed it to be pla^^ so as to mune 
the belt to subtend difTerent segments of the pulley, as ahowu in the sketch. 

"The 36" pulley had been used in a cotton mill, luid was highly polished. 
The 26" was finished ready for use, and the 18" was also called 'finished,' 
but not so perfectly as the 2<!" one. 

■'The resultsshowthat, witlialrirtion c^mtact of 90°, the additional weight 
supported without slip wns aboutone-fourth of the original load. Witb 180° 
contact, the weight snppor(«d in addition was about one-half the original, 
and with 270° nither more than the same; or, in other worfs, at 90° equalled 
one-third tho pnll on tho strained end; at 180° equalled one-halC the pull, and 
at 270° equalled tno-thiids the pull." 



(Extracts frosi Art. clxsi, Vol. vi, Trans, of A. S, M. ] 

BELTS AS OBAIN CONVHTIXS. 



100. " Belts for conveying grain are more extensivelj used in the Dnluth 

elevator Hj-Bt<-m than any other plai* in the world, bo &r as the writer is 
aware, and information on such subjects is very limited. 

' ' Two conveyer belts are used, an upper belt to convey the grain out to the 
annex, and a lower one to bring it back. The power to drive the upper belt 
is transmitted Ihim the main line of shafting in the cupola to a 34" stroigbt- 
fecB pulley by a belt; thisis the driving pulley for the 36" rubber bnlt, which 
has a speed of 650 feet per minute, and is supported by and runs over concave 
wooden rollers, 9" in diameter at the ends, and 4J"in diameter in the centre, 
placed at 4 feet centres. The frame work ibr these is built on the bin floor, 
oti an incline of 7 feet in 60 fect^ This 60 ieet brings the belt to the annex, 
it) which it runs horiKoutiiUy, passes through the 4nmper, and, at a distance 
of 155 feet from the driving pulley, pa8)K« around a 24" straight-lace pnlley, 
which is made to serve a»a tightener, and returns, being supported by concave 
wooden rollers plated at 12 feet centres. This belt will carry 8500 bushels 
of wheat per hour. 

" For the purpose of conveying the grain back to the main building, a com- 
bination l)clt ia nsed, of whic:h B C B', Fig, 85, is a section. B B' are two 
ordinary 7" rnblier belts connected together, and kept apart; by 1}" X i" 
band iron riveted to each belt at a distance along the length of the belt of 4 
feet centres; these distance strips are shaped like C, Fig. 85. Heavy canvas 
is also riveted to the rubber belts, which baj^ down 41" in the centre, the 
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whole forming a conTeyer 3 I'eet in width. The rollers over which the helt 
rima ato a« shown in D D', Fig. 95. Two wooden rollers are on an iron aile, 
the rubber part of the PombinalJon belt only toncbing the rollers. This belt 
travels 650 feet per minute, and from the extreme end of the annex runs 
horizonljilly lor a distanee of 95 feet under the floor, through which the gndin 
ttom tbe bins falls on to it^ It then rises at on angle of 30° for a distance of 
30 feet, passing aronnd a 36" atraight-Eice wooden driving pnlley, over which 
the grain ia diaehorged. This pnlley is cat away in the centre, to allow tbe 
helt to pass arousd without touching the concave port. The capadl; of this 
helt ia 12,000 bushels per hour. 

" Enough has been said to show that it is a aatjsfactory method of handling 
grain, and not grain alone, bnt there are various articles that could he expe- 
ditiously and cheaply handled by this plan, or modifications of it to suit the 
articles ta be handled. 




"With grain the belts give notronblewhal*ver,even with heltaover 1300 
feet loi^i and no trouble is anticipated with the long one (almost 1800 feet) 
which will be used in ' G. ' The warehouse can bo built very much cheaper 
than a r^nlar elevator, and will be as efficient as a ivorohoQSe. Very few 
extra men are required to attend to it; paying work is made for the motive 
power when it wonld otherwise lie idle ; the late of insurance is lessened ; the 
cost of maintenance is very small; and with larger rollers, or sectional roUos 
lubricated through a hollow shall, the Motion con he very much decreased. 
Should it be desired, by a proper helt speed, angles of 45° cun lie ascended, 
and the grain thoa elevated without buckets on the hells, and experience 
with the longesit belt conveyers in tbe world hua proven their usettalneas, 
their reliability and their economy," 



coinrEsmajT etiles. 

Let Km ^ Kilogrammes per [^ millimetre. 
Ke = " " " centimetre. 

P = lbs. per a inch. 
Then P = 1422 Km. I Km = 0.000703 X P. 

P = 14,22 Kc. I Ko= 0,0703 X P. 

Let B ^ square feet of helt per miuute per U. P. 
S ^= atress in Iba. per inch width of belt. 
ThenB = ?^*»|a=,33000 
12 S I 12 B 
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FxzPEBiMEirrs on the tbanshission of 

POWEE BY BELTING. 



J07. I make such extracts as relate chiefly t.) the Ubb of Belting. 

This article is mach extended, the appanitua new, well couatniL-tcd and 
thorough ia detail, nud the d»ta elahorutelj exnct and oeeeptoibly abundant. 

" These eiperimente were ondertaken to determine, nnder actnol working 
conditions, the intenial refliBtonces to l)e overcome, the percentage of slip, and 
the co-efficient of friction on belt sortiu'P, They were eondncted daring llie 
spring of 1885, nnder the dlrectiou of Mr. J. Sellers Buncnifl. 

* ' They eeemed to show that the principal resistance to stiaight belts was 
jonmal triction, except at very high speeds, when the resistance of the air 
bi^an to bo felt. Tlie reftistanea trom Htimiesi of belt was not apparent, and 
DO marked diflerence conld be detected in the power required to ran a wide 
donble belt or a narrow light one for the same tension ut moderate speeds. 
With crcew^ and quarter-twist belts, the friction of the belt upon itaelf or 
npon the pulley in leaving it was frequently an item of more importance, as 
was shown by special experiments for that pnrpoRe. 

" So mach was found to depend npon the condition of the belt snr&tee and 
the oatare of the dressing used, that the nc<££Bity was felt for experiments 
apon some standard I'ondition which could be easily realized and maintained. 

"The effect of a belt dressing in common use, known as 'Sankey's Life of 
Leatlier, ' which was applied to the belt while ranning. At flrst, the adhe- 
sion was very much diminished, bat it gradually increased as the labrieant 
became absorbed by the leather, and in a short time the co-efGdent of triction 
had reached the nnprecedcuted lignrua of 1.44 and 1.37. 

" An interesting leature of these and subsequent experiments ia the pro- 
gre^ve increase in the sum of the belt tensions during an increase tu load. 
This ia contrary to the generally accepted theory that the sum of the teosions 
is con^ant. 

"A piece of belting 1 sq. in. in section and 92 ins. long was found by 
experiment to elongate J in. when the lond was increased Ixora 100 to 150 
lbs., and only i in. when the load was increased from 450 to 500 lbs. The 
totaJ elongation from 50 to 500 lbs. was Ifi", but this woold vary with the 
time of suspension, and the measnrementa here given were taken as soon as 
posuble after applying the loads. In a running belt the load ia applied and 
removed alternately for short intervals of time, depending upon the length 
and speed of the belt, and the time for stretching would seldom be as great 
as that con.'^umed in making the experiments just mentioned. 

" The percentage of elongation which a belt ondeigoes in passing from ito 
loose to its tight ^de, is the measure of the slip which mnat necessarily take 
place in the transmission of power. This is a direct loss, and within the 
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orkiug Btrengtli of 500 lbs. per sq. ia. for tementod belts without 
ladiigH, esperimenl indicates that it should not escwd IJ or 2 per cent. 
■When, therefore, an eKperimput shows less than 2 per t-ent. of sEp, the 
amoimt ma; be considered as allowable and proper, and the belt ma; he 
letied upon to work continuonsl; at the figures given. 

" It might be poeaible to determine the effect of pulley diameter upon adie- 
sion for a perfectly dry Iwlt, where the condition of its surface remains uni- 
form, but for belts as ordinarily nsed it would be very diffienlt, on account 
of the ever-changing condition of surface produced by slip and temperatnre. 
It is generally admitted that the larger the diameter the greater the adhesioa 
for any ^ven tension, but no definite relation has ever been established, nor, 
indeed, does it seem possible to do «i except by the most elaborate and exteu' 
sive experiments. 

" Our least amount of slip, with a dry belt tunniog at the extremely slow 
speed of 90 feet per minute, was 1.08 inches, and tea times this would be 
perfectly proper and allowable. 

" The velocity of sliding, which may be aesumed in selecting a proper co- 
efficient, is directly proportional to the belt speeil, and may safely be qstimated 
at .01 of that speed. For a pairof pulleys we should have .01 on each pnlley, 
and, therefore, .02 for slip. Few belts run slower than 200 or 300 fL per 
miuute, and consequently a slip of lesa than 2 or 3 ft. per minute need seldom 
be considered. 

' ' We have now seen that the driving power of a leather belt depends apon 
mtch a variety of conditions, that it wonld be manifestly impracticable, if not 
impossible, to correlate them all, and it is thought better to admit the difB- 
cnlties at once than to involve the Habje^H; in a hibyrinth of tbrmnlie which 
life is too short to solve. 

"The conclusion to be diawn from this series of esperimeats is the great 
importance of high speed in the economy of belt Iransmisaion. The friction 
of belle on pulleys is evidently dependent on the velocity of sliding, and, as 
a general rule, the greater the velocity the greater the friction. There are 
but few apparent exceptions to this rule, and investigation of them has led 
to the inference that, in all such cases, the condition of the l>elt or pulley aur- 
face had undergone a change either by heating or by deposit from the belt on 
the pulley. The percentage of slip ia the measure of the power lost in trans- 
misfflon by the belt itself, and the higher the speed the less this 
There is a limit, however, to the power which may 
speed is increased, and this limit is caused by the redaction 
against the pulley arising from the action of centrifngal foTfe. 

' ' The percentage of slip is the most important factor affecting the efficacy of 
belt transmission, but, in addition to this, we have journal friction, the resist- 
ance of the air, and with crossed belts the friction of the belt upon itself, 
lliese have been termed internal resistances. 

"In the experiments which were made upon internal resistances, the great- 
est resistance was offered by a qnarter-twist belt 6 feet between jonmids on 
20- inch pulleys. 

" With quarter-twist belts the resistance lies chiefly in slip, which occnia 
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M the belt leaves tlia pnlleya, and thia oataTully depcuils u[>oa the ilisUmce 
between joiunnls in terms of the diameterB of the pnlleye. 

" It would be difficult to work oat, or even to ose, a geaeml espreaeion for 
the efficiency of belt transmission, bat li«m the foi^olng it woalil seem 
sUe to asaame that 97 per cent, van bo obtained under good working condi- 



" When a belt is too tight, there is a constant waste in journal £riction, 
and when too loose, there may be a much groiLtcr loss in el&eienty tioai slip. 
Tbe allowance recommended of 3 per cent, for slip is rather more than experi- 
ment would indicate for any possible crawl or creep dne to the elasticity of 
tbe belt, bnt, in oonnet^Uon with this, there is probablj always more or less 
actual slip, and we are inclined to thinlt that in most cases this allowance 
may be divided into equal parts representing creep and slip piojier. Cudcr 
good working conditioos, a belt is probably stretched about I per cent, on the 
tight aide, which naturtdly gives 1 per cent, of creep, and to this we have 
added another per cent, for actual slip in fixing the limit proposed. 

"The indications and conclusions to be drawn litim these experimento 

1. That the co-«fficient of friction may vary nnder practical working con- 
ditions fiom 25 per cent, to 100 per cent. 

2. That its value depends npon the nature and condition of the leather, 
tiie velocity of sliding, temperature and pre^ure. 

3. That an excessive amount of slip has a tendency to become greater and 
greater, until the belt finally leaves the policy. 

4. That a belt will seldom remain upon a pulley when the slip exceeds 20 
I»r cent. 

5. That excessive slipping dries out the leather and leads toward the con- 
dition of minimum adhesion. 

6. That raw hide has mnch greater adhesion than tanned leather, giving 
^ co-efficient of 100 per cent, at the raodenit* slip of 5 ft. per minate. 

7. That a velocity of sliding ecjuul to .01 of the belt speed is not excessive. 

8. That the co-efficienta in geueml use are rather below the average resnltt 
obtained. 

9. That, when suddenly forced to slip, the co-efficient of friction becomes 
Snomenlarily very high, but that it gradaally decreases as the slip continnea. 

10. That tbe sum i)!' the tensions is not constant, but increases with the 
load to the maximum extent of about 33 per cent, with vertiol belts. 

11. That, with horizontal belts, the sum of the tensions may increase 
Indefinitely aa far as the breaking strength of the belt. 

12. That the economy of belt trauamiseion depends principally upon 
jonmal friction and slip. 

13. That it is important on thia occonnt to make tbe belt speed as high as 
5>ossible within the limits of 50O0 or 60O0 ft. per minute. 

14. That quarter-twist belts shoald lie avoided. 

15. That it is preferable in all cases, from considerations of economy in 
~Vear on belt and power consumed, to use an intermediate guide pulley, BO 
XiUced that the belt may be rnn in either direction. (See Art. 116. ) 
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W. That tha introduttion of gaiilo nud tarrying pulleys adds U> the 
internal resistances an amoont proportional to the friction of their jonmala. 

]7. That there is still need of more light on the subject. 

" I may say, in regard tc) the BtilftiesH of the belt and the power lost in 
bendingandimbending, that we were unable todetect any such loss. We 
very thin belts aud very thick belts under the same conditions of qteed and 
tension, and Ibnnd no diSerence iti the amount of power consumed. It 
qnartflr-twist belts, where the bending is edgewise, and there is more slip ii 
leaving the pulley, there was considerable loss from that cause, but. in ordi- 
nai7 straight belta, I think the loss is pisctically inappreciable. 

"When n small pulley is driven by a large one, so that the slip is confined 
principally to the former, I think it might be advisable to make the face of 
tbe small palley straight, aud have crowning only on the lai^ pnlley which 
does not slip. 

' ' The working tension per square inch which may be allowed for leather 
belts is variously estimated, but we may assume, on Mr. Nagle's authority, 
276 lbs. for hiced bells aud 400 lbs. for cemeuted. 

" I should like io see the question of the arc of contact settled, if need be, 
by experiment, and 1 regret very much that I have nothing to otfei on 1 
point but theoretical deductions, vrbich I have ventured to submit for what 
they may prove to be worth. 

"In regard to the effect of hygrometric conditions, suggested by Mr. Towne, 
I think everything is important that may act to affect tlie condition of the 
IHctioDBl Bur&ces, and that temperature is also another consideration which 
seems especially to affect tbe dressings worked into the leather. 

' ' There is always a large margin for variation in the adhesion of belta under 
tbe some hygrometric conditions, and the same may be said of temperature. 

' ' Tbe great difficulty is to determine with certainty the causes of the eflecta 
observed. There are so mauy variables, slip, temperatnie, pressure, snrloce, 
arc of contact, pulley diameter, belt dressing, pliability, etc., besides hygro- 
metric conditions, which operate t<^ther in producing a given result, that it 
seems to be practically impossible to study the effect of each independently." 



(ExTRArra pbom Art, ecu, Vol. vii, Traks. A. S. M. E.) 

THE TRANSMISSION OF POWER BY BELTING. 



e TECttSOLOGY, 



JOSi " It is well known to mechanical engineers that the rules for deter- 
mining the proper width of leather belting to carry a given power at a ^ven 
speed differ enormously from each other. Any one may readily satisfy him- 
self of the truth of this statement by a glance at the ' Use of Belting. ' 
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" Daring the last two yeara we have been larrying on a series of eiperi- 
ments in the laboratory, with a view of solving this prolilem with such («m- 
plet^ness aa to leave do room for donbt oe to tbe eorrcctues!! of the results. 

" I will briefly state what has alreiwly been dooe by others. 

" The only eiperinienta of which the writer is aware are the following: — 

1. By General Morin. 

a. By Henry K. Towne, of the Yale & Towne Company. 

3. By Edward Sawyer, of Chorlestown, Mass. 

4. By pTofesaoT S. W. Holmon, of the Maasachuaetts Institnte of Tecb- 

'' (1) As to tbose of Morin, he nsed a fixed east-troi) dmm, over which 
btmg the belt, the ends hanging vertically, and being of equal lengths; these 
two ends he loaded with e^inal weights, and then added weight oa one side 
nnljl the belt slipped, and thus determined the two tensions Ti on the tight 
ride, and T, on the loose side. He then detemiined the co-efficient of Mction, 
/, from the formula— 

^_ liyplog7-, -hyplogr, 

" The resnltfl obtained by him are as foLows; — 

New belting on smooth east iron, dry 0.284 

New belting ou smooth cast iron, wet 0.377 

New belting on rongh cast iron _ 0.281 

Old belting on rongh cast iron 0.377 

" He does not state what was the speed with which the belts were Blip;[riiig 
-when he obtained theiie results. 

" (2) Mr. Henry H. Towtib performed his eiperimenta in the same way, 
only that he allowed his \teUa to slip at a speed as nearly 200 feet per minute 
aa be could judge by the eye. 

" He obtained asreanlt/^^ 0.58; but he and Mr. liobertfirig^ recommend 
g fcr nse two-thirds of this, or / ^^ 0. 42. 

" (3) Mr. Edward Sawyer, of Chartestown, used also a Gxed drum, and 
^jerfbrmed the eiqieriments in the some way as the other two, with this 
— that, when he had loaded the heavy side sufficiently to make 
t slip, he then phiced additional load on light side, ontil he just 
d the slipping; then, calcolating his co-effideat of frictions by the same 
mala, he obtained results varying from 0.12 to 0.17. Whichever of these 
nlto is used, the rule for finding the ratio of the tension ou the tight and 
w ^ea of a belt is given by the formula — 

T 

tohere e =^ Napierian base, and 6 = circolar measure of arc of contact 
n the belt and tbe pulley ; and, having this ratio, it is easy to compute 
M width of belt necessary to convey a given power at a given speed. 
"(4) In 1882, Professor S. W. Holman, of the Physical Department of 
le Institate of Technology, undertook a set of experiments with a view to 
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IS diacrepanoy in the reaolta oftbe different 
esjicriuieiilfirB. He caused the pnlley to slide under the lieit, hanging weighta 
on the loose side of the belt, and attaching the other end to a spring balance. 

' ' He Ibnnd that, with a low spt'ed of slip, be obtained as low a result ss 
0.12, while with a speed of 200 feet per minute he obtained about 0.68 and 
intermediate valnes, with intermediate speeds of slip; heute, that the co-effi- 
cient of friction varies with the speed of slip. 

"A sununmy of Che rcaulta obtained np ta the end of the last school year 
will now be given, but 1 will preface it by the following remarks in regaid 
to tbe mode of procedure anil the nature of the results. 

"The slip t«al8 were made entirely on 7-inch, S-iothand 10-inch double 
belts, by loading them with a known horse power by means of a nicely-nuuio 
Prony brake, on which tbe power used could be weighed. These teats w< 
made as follows : Placing a fixed load on the brake, readings of counteis 
attached to the driving and driven shafts were taken at delinita intervalsj 
and, the diamcteis of the palleys being known, tbe slip of tbe belt was 
readily computed. 

" The slip of these belts under ordinary loads was, on an average, about 3 feet 
per minute. Esperiments were then made upon a machine driven by power, 
and especially designed for tbe purpose, where a pulley was caused to slide 
under the belt at ench a lute of speed as might be desired ; and thus the ratio 
of the tensions, and hence tbe co-efSeient of friction under various speeds of 
slip, waa determined. 

" Tbe average value of this co-efflcient under a speed of slip of 3 feet per 
minut* would seem to be, in tbe light of these tests, about 0.27, correspond- 
ing (if the admisible stress per inch of width be talten at GSS pounds) to the 
rnlo that a belt 1 inch wide must travel 1000 feet iwr minnt« to transmit 
one horse power. 

"This, it wUl beseeu, requiresmueb wider belts than Briggs' and Tomne's 
rule, to take 0.43 for co-efficient of friction; and, as a matter of fact, we never 
realize in practice while driving, a slip anywhere near 200 feet per miiint«, 
which was the slip nsed in Mr. Towne's esperiments. 

" It would seem reasonable that, with a l)elt travel of about 1500 feet pot 
nunnte, which is about the speed of the belts used in making the slip teste, 
the speed of slip should not be more than about three or four feet per minute; 
and this would neoeesitate a eo-effieient of friction of ahont 0.27, which meant 
that the belt should have a strain of 65 pounds per horae power tmnsmitted. 

" It is also evident that, if we use a higher co-efflcient, as 0. 42, we most, in 
order tfl realize it, have a sttaia upon the holt of only 38 pounds per borse 
power transmitted; but thcji we should have a speed of slip much larger than 
would be suitable to use in practice: and ttiat, if we determinu the width of 
the belt on the basis of 38 pounds, and then stiuin it more, we arc no longer 
keeping within the limits of safety intended. 

" It will beseeu tbat^ in transmitting about tlve horse power, the least valos 
of r, + Tj with which it was possible to run was 150 pounds = 30 pound* 
per hoiHc power: this ia thevalupwe should obwin by using 0.58 ftir CD- 
efficient of friction, tlie value obtained by experimeute uf Towne ; but we t^ 
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stionld have a speed of slip of ubont 50 feet per minute, which ia manifestly 
very much in excera iu what is either Bale or economical to allow. On the 
other hanil, we ohtain much letter nmning with 275 or 300 pounds for 7", + 
T, , 250 being rather light ; and this gives a speed of (dip of 3 to 12 feet per 
nuunte. Now, 275 pounds for five horse power is 5S pounds per horse power, 
which is JQst frliat we should obtjiin bj naing a co-efficient of friction of 0.27. 
' ' While there are doubtless some diacreponciea in these few eiperimeutfi, 
wliicii will be eliminated as soon aa we have a lai^r number, and while we 
shall, before long, be able to make out ii tjible showing esactlj how much we 
must etiain our belts to accomplish any desired result ns to trausmisBion and 
slip, which likble will fnmiah ua readily the proper sizes of belt to use for any 
given case, nevertheless, eveu what has been done is sufficient to enable tu to 
auy with certainty that a c<>-effiaient of friction of 0.42 is altogether too la^e, 
and is never realized in practice, aa the belts are. in practice, strained more 
tlitin this co-efficient implies, and olao that a co-efficient of 0. 27 is muuh nearer 
the truth, and hence, that our rales for belting, if bused upon the latter, 
'would be much nearer correct than if based upon the former." 
[Statement by Mb. H. R. Towse.] 
' ' After carefully reviewing our eiperimenta, Mr. Brigga and I considered 
it prudent to reduce our co-efficieut of fViction of .58 by ont-tbird, and there- 
lore n^unied for practice/^ .42, and on this latter value the tables in Mr. 
Briggs's [taper were based. In the light of Professor Lanza's experiments, so 
liir as published, I fully concur in his detenniuutiou of a co-effident of .27 as 
being tuore nearly correct than .42." 



TtHE STRETCHING, ELASTICITY, RTTPTUEE AND 
DRIVING POWER OF BELTS. 

199, I take pleasure in reproducing the essay of M. Leloutre, a French 
-engineer, whose standing and ability are well attested by one of our American 
"^rriters on eogineeriup snbjecta. Thia article will throw some light on one of the 
ieas-knowTi features of the traofltniasioa of power — the comparative economic 
"v-aloe of i>olting and co^ gearing, abont which Fairbaim says: " Considerable 
<i ifference of opinion exists as to the best and most effective principle of con- 
veying motion from the source of power to the machinery of u mill," Opinions 
*X)nst give way to experiment, and the new matter given herewith is good 
noateiial for the forming of betl«r opinions. 

In order to uasist the occasional reader to a ready means of converfing the 
^F^nch into English measures, I refer him to pages vi and vii. 

At the sfttuce tor December, 1878, of the Society of Civil Engineera, 
I^aris, M. Leloutre gave a statement of his memoir upon the ti 
JKtwer by belts and by cables:— 

"The experimental researches that I have the honor to present, 1 
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menced a dozen yeara ago, in connection with Important norks that I had ii 
cbftrgo; tiey liave been completed more recently to establish certam bases Sx 
the conBtniciian of tnuiamiaaionB by belts and by ropea. 

"This work is divided in Ibnr parts: — 

I. ' ' Experimenlal reaearehen iipon the stretching, the elastieit;/, and the reaM 
ajtee to rapture of beU^ of leather, of eaotttehtue, of straps and of liolh. 

"At the beginning of niyieaearchea upon belts for transmiBsion, I occniHed 
myself only with the resistance to ruptnre. At the end of eeveral trials, I 
noticed that the determination of the cha^e of rupture of the leather, the 
strapa or the ropes is not bo slight as one might believe, and the stretcMng 
and elasticity have nevealed several interesting &cts. 

' ' In operating upon specimens cif leather of the game qnality, erne cun 
the co-efficient of rupture greatly differing, according to the time that it is 
to provoke the ruptnre. 

"To place in evidence the inftoence of tJie Ihctor, 'iiiue,' that ia neglected 
BO freely in many of the works, I had but to take, at the beginning of my 
researches, several precantiona and stop several details relating to the methods 
of the experiments that I counted upon following. 

" This ia how the operations were conducted; — 

" In the same belt or the same hide, I had ent a leather band of 5 to 8 ■ 
timetres in length. This leather band was ent in 3 or 4 straps or tho 
reserved for the diiferent teats nnder which I counted to put them. 1 wn 
this way sure io have more specimens of leather of the same quality. 

" These straps, in the neighborhood of 7CM) to 800 millimetres in length, 
were connected at their extremities with a hook of iron; and at the other 
were applied weights that were gradually augmented up to the rupture. 
There is noted Hiraultaneoosly all the interesting facta upon the stretching , 
and the elasticity. 

" Upon each of the straps there ia drawn upon the upper part a traoBverso 
line, very £ne, considered as the beginning for the measure of the length, 
under the aucceasive chai^^ t« which they are submitted; tii straighten out 
the creases of the leather and for slightly stretching the strapa, they a 
charged with a weight of 2 kilog., and at the first moment of the applicatiou 
of thischaige there is marked rapidly a aecond line, dist^mt from the &nt of 
500 millimetres. 

"This charge of 2 kil(^, aogmenled by the weight of the inferior hook, or 
2 kUog. + Cr., we will coll the ttnuda-a rhnrge; then divide the space between 
these two lines in live eqnal parte of 100 millimetres. 

" At last the vridth and thickness of the straps are inessnred in Ibnr or 
five different parts, to determine the corresponding transverse sections. It is 
the minimum of these sections that figures ia oar esperimental tables. 
These dimensions are shown in ^ of a millimetre; that is to say, that the 
errora committed are less than J of a millimetre; there is avoided in ail these 
measores the employment of the caliper compass, in order to avoid the errore 
that might occur by the possible compression of the leather; on inveatigatioa 
of the probable errors permits ns to affirm that the results that we examined 
were approached by less than two per cent. 
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5 proviKioos taken, the attaps were submitted to throe kindu of 
eape rimun ts : — 

■' 1st, One of the strnps is Bubmitted to n rapidly increaBing cliarge up to 
tbf> mptnni; ta begin, one odds lo tbe choriw nf tension 2 kilog. -{~ <^- <^ 
"vreight oT 5 kilog. ; at the end of Htc minates one yerifiee tbe stretching, then 
add again 5 kilog. to the flrat cliarge ors -r {'2 + t:,.), and at the first moment 
of the application of theae weights of 10 + (3 + c,.), nieoaure the stretching, 
then again that which will manifest itaelf at tho cud of five ininntes of this 
charge, oiler which the weight of o kilog. in angmented, ami so on to the 
raptnre; in thia way the breakage of the liiHt strap was caused at the end of 
from three-qnarttrs of nn hour to one and a half hours. It is e'raential to 
E^ow that in the first kind of experiment, the specimen tried wua never dis- 
ctuirged to restore the weight to 2 kilog. + c. 

"2d. The second strap was broken under altogether different conditdons. 
To the tension charge of 2 kilog. -f- Cr. there were added 5 kilog. more, but 
allowed the weight 5 -f (3 -|- Ci.) to move until e:chaa'*tcd of the resistance 
of leather to be stretched; in other words, this first i-harge remains applied 
aalongasthe3tretcl]ingcoutinue0,atid then considered as stretching definitely 
acquireil, only that which did not vary more than a quantity aflcr twoor three 
tjmes intwenQf-fourhoura. This happened only oilier twenty or thirty dajs of 
theapplieatjonof the first looii (charge). Daring the first honr of the applica- 
tion of the 5 -(- (3 + Cr.) kilog., not«a were taken every t«n minates of the 
saccesaive lengthenings, then every two hours. Having reached a permanent 
degree of stretching at the end of twenty or thirtrf days, the weights were 
lirooght back to the tension load of 3 -f- Cr. ; during the first hour the suct'eHstve 
shortenings were tetnrded every tt'n minutes, after which every two hoois, 
rtntil no new shortening Tnaiiifested itaelf during two or three times two 
boars. Saiiaequontly to this first portion of the experiment, 10 kili^. were 
added to the load of tension 2 -f* Cr- , and the observations were continued 
in this second stage of the experiment in the same manner as in the first. 
Until mpture took place, which only occurred in the course of five or sii 
months. We will name this mode of trial— Jfrtioil of aperimailing by increas- 
itig loads, altemaini with the load of timaion — and, as we will see fnrtber on, the 
co-efGdents of mpture obtained by this second method of eiperiraenting difler 
Widely from those of the fltst; effectively snch leather of good quality which 
lireaks under a load of 3 kilog. per square millimetre, if, for example, should 
\*e broken at the end of an hour by gradQully-iuureasing loads, not brooght 
Ilack to 3 + K,., only support 2 kilog. per square millimetre, and even less, 
when five or six months were consomed in breaking it by increasing loads 
alternated with the stretching weight of 2 kilog. + e,. 

*' 3d. The third strap, detached at the side of the £rst two, has been sub- 
jected to another series of experiments, in order to ccrtjiy the modificationa 
which a belt can sustain when suttjecteii to loads analogous to those to which 
it is alternately exposed when working as a medium of transmitting power. 
When a belt for the transmission of power is at rest, its two strips, that which 
pulls out and that which holds hack, sustain equal tensions; os soon as it is 
put in motion, the tension npon these two strips becomes nneqaal, the poi^ 
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tion which transmita the power soHtains a far greater load tban does tl 
portion wliicit merely follows ; the difference between these two tensiotu 
precisely equal to the resistance which tlie tnknamission has to ovennme, and 
the Btroin whieJi is ixunnion to botli of these two tensions is the function of 
the co-efficient of friction of the belt against the face of the ptiUejs which it 
emhraces; in a space of time sometimes quite short, each portion of the belt 
becomes alternately the working portion, and sapports, conseqaentlj, Terj 
uneqnal tensions. It is the influence of these variable loads which I have 
desired to inveatigate. The exptrimentB uniiertaken with this object in vi 
have not led to any very precise results. All that I have been able to deter- 
mine is that, by sostaining a lielt at a certain tension, it haa required several 
weeks to canse it to exhibit a jlrsf lengthening corresponding to that load; 
subjecting it aiterward to a load somewhat greater, it has required sevend 
more weeks to attain the greatest stretching or lengthening corresponding to 
the same ; after bringing it finally ba«k to the InQuence of the first load, a 
considerable lapse of time is required to arrive at another lengthening son 
what greater than that which has been observed in the first experiment. 

" Similar results have been obtained by subjecting the belt to a great 
tension, and et]uat to that which haa already been employed the first tin 
In other words, a very long time is required to attnin the greatest degree of 
lengthening of which a belt is susceptible under a given load. 

' ' When belts have been ruptured in the first test, the ends were taken in 
again In order to subject them to a second, third and fourth breakage, and 
here it is proper to record a curious and constant fact in relation to this sub- 
ject. The successive ruptures do not deteriorate the resisting poorer of the 
leather or of the cloth belting; for instance, a leather belt broken, aay the 
Stst time, by a weight of 3 kilog. per sqnare millimetre, did not break oi 
second, thirds or even a fourth experiment, except at that identical we^ht. 
Still more remarkable, the ends of leather thus excessively strained dnring 
monthSjOndevenyears, would resume ut the end. of a few months their primi- 
tive length. These (acts, revealed by experiment, bring to light one of 
most valuable features of leather. 

" I have made several trials with iron wire to determine if iron showed 
analc^oos properties. These trials have not been snf&ciently numeron 
permit undoubted conclusions; nevertheless, I think I may afQrm that metals 
lose their nerve, or life, so to speak, and their elasticity also alter a firat 
rupture. Exhaustive research iu this direction would be of incalcnlable value 



" To condense my numerous .series of experiments upon leather, guttn 
percha, cotton cloth and cauvaa conduct me t« the following results:^ 

"The lengthening is by no means proportional to the load. It makesni 
difference whether notes are taken of the lengthenings at regular intervals, ! 
say every five minutes, as in the flwt method of experimentation, or in 
operating with toadt rapidly increasing, or that a record should be kept of the 
incteases of length utter a lapse of time far more considerable, or in absorb- 
ing the resi£t.ince to the lengthening of belts, as in the second methods of 
experimenting by gradually increasing loads, altenukted with the load often- 
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D 3 -f- <V> t^e lengthenisgs iDcreaBe ulnoya with tees rapidity than the 
loads; tliat is to sa;, if we bike the loads Tor absciaeas and the lengtheningj 
for ordinutea, tlie iocatiou uf the points thus di>tfrniinc<I DEVerfomiB a straight 
line, bnt a cnrve, of which the coucave side ia turiieil toward the axis of the 
X. In other woids, the modalns of elasticity for leather, cotton i^loth imd 
canroa, goea on increasing from the lightest loads, while fur metals it dimin- 
ishes; however, our tables of enperiments reveal a singular fact: If the length- 
enings go on diminishing np to a given moment, themtlter they go on increas- 
ing, vthioh factdeDotesaraaximnm of energy of reeistance to the lengthening 
followed by u degree of weakness, commencing ftnm which the lengthenings 
diminish anew until a rapture takes place, at the approach of which tbo 
energy is even generally greater. 

" Fur ordinary leathere, the maiimnm nf energy to the lengthening corre- 
sponds to ahont O.BOO kilog. per square millimetre; for belts ingutta percha, 
<»tton cloth, etc., it answers to a load somewhat lighter. 

''This valoable property of leather furuislies a very aimple means for 
determining the tension which can be applied with secnrity to the powcr-con- 
■vcying portion of a licit ia motion. It is, in a measure, dictated by the 
Tesnits of the experiments which we have given above. It ia only nccesaoty, 
evidently, to heep as near as possible to the load, which corresponds to the 
maximum of energy, say 0.500 to 0.550 kilog. per sqoare millimetre, and, by 
lenson of the perfect elasticity of leather and cloth l>elts, there is no inconve- 
nience in atKidentally exceeding the tensioa of tbe maximum of energy 
toward lengthening. 

" We aie, therefore, mnch above the load, 0.150 to 0.200 kOog. per square 
miUimetre, which is recommended by certain authors without reckoning that 
many engineers remain timidly below even these last flgnres. 

" We have just mentioned the perfect elasticity of leather. A few results 
of experiments demonstrate this valuable property of leather belts. Certain 
tests of belts broken twice, after having experienced a stretching of 125 
millimetres, resumed, in the course of fifteen months' repose, identically their 
Ibrmer length. 

II. " E^rperimenlal reafarrhea eonceminii the utipping nf ropes and bulla. 

" My fiiHt experiments concerning the alipping of ropes and bella upon 
polished pulleys, have tooght me that the co-efficients of friction in use, in a 
laige number of practical formQlie, are two or three times too high. This 
cuormona difference between known rcsnlts and those which 1 obtained from 
my experiments, placed me under the obligation of undertaking about fifty 
seriesof testa, and todevote the mostacrapuloos attention to my observations. 
Here is, I believe, one of the reasons why the results of my experiments 
differ from those of other authors; in the manner of ai^astiag a rope or belt 
upon a polished casHron drum, it ia possible to produce very different resullB 
in the way of slipping. By using certain weights suspended from the driving 
and following portions of the belt, a slipping of from 4 to 5 centimetres per 
minute may be obtained ; in this case the movement of displacement of the 
pulley ia not unil'orm, but uniformly acceterated. One can diminish con- 
sdenbly the tension upon the driving portion of the belt, in which case, 
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insteud (if tbe slipping of 4 or !> centimetres per minulc, there ia only n slip — 
ping of fiinn a to 3 milUmetresppr hour, and, after a few attempts, one catm 
get t« BO regnlatfi the loadH of the driving and fi)!lowing portiona of the lielt 
or rope, ns the case may he, respectively, aa to produce a very regular slippinjc 
movement during as entire day. In a few eaees I have not met wibh eqnaL 
8QUCt£S, and all that I have l)een able to obtain ss a minimum of slippage 
was a diaploceinent of frora 10 to 13 millimetreH per minute. 

' ' It follows, therefore, that the co-effieienbi of slipping whieh I have obtainsd 
are a minimnm. Lai^ values have no interest for the constmctor. and con 
only lead him into error. 

"The method of artongement for tests regarding slipping of ropes and 
belts ia very aimpEe; it snffices to key solidly a pulley upon a shall — to fix 
this shaft permanently npon a level; a^oat the belt upon the pulley and 
load the two pcndnut strips with equal weights, then the loa^i of one of the 
strips is gradually increased tmtil tbe Iwlt ie made to slip upon the pulley. 
In operating tbns, it is the belt which slips upon the fiiee of the pulley main- 
tained idle. In pmctice it ia quite the contrary, the pulley whieh moves 
relatively to the belt, when the pulley ia considered as a driver, whereas, it 
is really the belt which slides apon the driver puUey in cases where the 
rerastance to be overcome is greater. However, these questions of relative 
motion have no influence upon the value of the co-efBcieut of frietion. It is, 
therefore, better as we have indicoted above; the oliservationa are simplified, 
and they can be made to extend over a greater period of time, whieh would 
be altogether imjiossiblo if it were attempted to be operated by means of 
dynamometrical appajatus for measuring the tension of tbe leading and fol- 
lowing portions of a belt, monnted npon two moving pulleys. 

"The method of observation which we have followed is justified bj aia 
example on a large scale, in the putting in motion of a transmission of 700 
efiective horse power, and in which we only caused to stretch the quantity of 
belts strictly necossaiy, and yet without any slipping of beltw. This ptacticat 
oonflnmition has certainly more weight than all the reasonings which conld 
my tcaultfl in a doubtful light. 

belts, I have caused the diameter of tbe pulleys, either 
to be changed Irom 0.100 m. as much as to 2.405 m., and 
the width of the belts from 0.010 m. up to 0.300 m. ; as for the area com- 
prised by the belts, they have Iteen of 180°, 540°, 900° and 1260°, and with 
regard to tbe tensions of the leading and foUowing strips of the belt, they 
have varied from the lighter loads np to tliose which are notaUjf in excess of 
the tensions common in practice. The trials npon ropes of flax and of cotton 
have comprised cobles of 30 millimetres in diameter, ropes of from 10 to 12 
miUimetrea, strings, and even sewing thread. The pulleys were flat or with 
V- or circular-shaped grooves. 

"For new and dry leathers, the w-efficient of friction is 0.155 as a mean; 
this co-efficient rises to 0.200 or 0.220, for all belts chat^ell with eoom* aild 
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Ipping upon well-poliabed pallets. Wlieo the pulleys are not well polished 
-the m-efficient may rise to 0.300 hi 0.330. 

" Tempeiatore appeara to have no iuflQemi? whatever, e\na between the 
•xtrenie limits of + SS" to — 12° Cent. 

oiled belts the co-effieient of frietloQ may descend &om O.OTO to 

I "The co-efficient or slipping 19 iilBolntelyindepcnclentiif the number of the 
m of the aiv TOmprised, or nf the siirraee imvensl by the belt. 
" Aj^imliowi — Sludg of (ranamusiDns effected of 40, 80, 150 ami 750 
n harite power. 
•* In part third, I dismas Ibur pmjecta executed in accordance with the 
raits of the experiments described in the two preceding chapters. I have 
not limited myself to the Htndy of belts alone; I also hod to examine from 
the point of view of the reaiatance of materials, also the enonnons Etmina to 
which are snlyected both fly wheels and pnlleys, through the aHiion of cen- 
triftigsl fnn^, of which the eSbcts upon the bub and the face ditfer widely, 
according os the pulley or fly wheel is cost in one piece, or constmcted of 
Severn] segmenla united together by meann of bolts or keys. Lastly, it was 
neceseary that I should take uccoaut of the load per sqnare centimetre to 
which certain pivots and trunnions were snbjectM. 

" I ^ve, upon each of the executed projects, o. great quantity of infoims- 
tion concerning the belts themselves, and npon what 1 term the ai-efficient of 
Jiitigae, which enables one to form an idea with regard to the probable durs- 
lioii of B belt snt^eeled to a given amount of work, 

"I also examine the influence of centrittagal force upon the belts. This 
■<)Tiestton is extremely important, as, for example, a heavy rubber belt which 
I had occoHun to examine, transmitting at great speed (SO horac power, the 
-€!entril\igal force ptodn»«d the effect at increasing the tension of the Iwlt to an 
-equal degree to that called for iu transmitting the power required. 

"On the subject of the transmission of 80 horse power, 1 establish a parallel 
^between leather belts and hempen cables. 

" Lastly, I terminate this third chapter by the theory, from the point of 
"view of the resistance of materials, of the pulleys with curved arms. This 
«^ueetion is extremely complicated. I have given it a development eompati- 
Itle with the demands of practice. 

"Summing up the results of the studies of these four projects, and also 
upon a large number of others which I have had the occasion of SQperint«nd- 
iag, there has resulted for me the convietion which follows r — 

" There is a habit of effecting the trimsmission of power by means of bolts 
three or liiur times stronger than is necessary, and these belts are tightened 
beyond nieasnre to snch an extent as to strain the shailH and break the 
pnlleys. 

"The (are of stretching the belts should never be lett to workmen. Thin 
"tension should be regn]at<!d, in important eases, by djnamometrical forceps; 
^y giving nn excess of tension of j'j to 1 aliove that furnished by the calcu- 
latiou, the true and good work of the transmiaaion will be assured for several 
moothsi tlie rapid wearing uf the bearings will be obviated; the heating and 
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consequent tightening of the sliaite, the nipid destniL-tion of the belts and 
cables, and an enormooB loss of power by useless passive and injurious resi 
ancea will be avoided. 

IV. " Practical iaformnlioa — Ome/uWoun. 
' ' The exeesB of tension to whicli belts ace Hnbjeeted, causes a cerbUn 
nnmbei of inconveniences, of vrhich we make mention in the Litter part of 
the last paragmph, and it ia not surprising that manj engineers and loannfac- 
tnreiB complain that the tiunsmiseinn b; means of belta and cables is occd 
panied by greater loss of power by frirtion than when said transmiaaioD 
effected by means of toothed gearing. 

"In the foartb chapter we have examined thin important iincstion from a 
point of view both theoretical and practical. With regard lo the fourth pro- 
ject, which we discuss in our work in rrteniio, we have had facilitiea for 
making vci? precise investigatians. This transmission by means of belting 
of 750 indicated liorae power, was made to take the place of a. train of cog- 
wheels of large dimensions, couaeirting the flywheel with the machines of the 
factory. Prior to the removal of the old tooth^ear system, we have taken. 
not*a of numerouB eiperimeats to determine the power consumed : — 
" Ist. By the entire establishment while in full working trim. 
" 2d. By the sjstein of transmiSBion and of the motor. 
"3d. By tlie motor alone. 

" The same series of experiments was gone throngb witb alter the inatalla- 
tion of the new means of transmi^on by belting. 

"The result of these camcronH dynomometrical tests enables us to affirm 
that transmission of power by means of belts, cotaniues less powex throngh 
passive rraistatices than does transmission through toothed cylindrical gear; 
but the difference is not very considerable. 

"Thus, by the old system of toothed gear, the motor and the transmission 
absorbed 208 horse power, and by means of pulleys and belts the absorption 
of power was lowered to 184 horse; thediffeience iu favor of belts rises only to 
— ^^ — — jjj — 11.5 per cent., hat upon the total power r«quired to run the 
enljre Eictojy, the difference is only jj^- ^= 3 per cent. The transraisMons by 
means of hempen cables me less advantageons in this ref^icct. 

"Lastly, in this fourth chapter 1 give an account of o gi^at nomberof 
other practiual observations, r^arding the working of the four tmnsmissions 
analyzed above. I have had occasion to observe them from day to day for 
years. In this condensed statement I canniit enter into very precise details. 
Nevertheless, the &ct remains that the ttanamiaiion of powar has been 
behaving well fur several years, mid given ground for no complaint The 
belta have to be restretehcd only every eight or ten months, in spite of the 
rather considerable charge which they Hupport per square niillimetre of 
w section." 
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ROPE GEABmO. 

SOO, " Jiunes Combe, iif Brlfiut, &T>tl used ropca on tho fly wbeel of a 
steam engine, but he certoinly drove liig own place with lopes ubout 1863 or 
1864; ami when lie first mentionwl miie gearing to us, which wna in 1865, he 
cpoke of it as quite on accomplished (act, and one which was likely to revu- 
IntioDize gearing. Mi. Combe took out no patent for grooved wheels lij 
which steam power could be transmitted by ropes, but he did patent a 
machine tor plaiting leather rope for working in the grooves. 

" Ever since 1865 w<; have uuule rope flywheels and pulleys in l«iiMdemble 
qoan titles. 

" Mr. Durie wasour Manchester agent, and the facts so nicely giren by him 
in the paper which was read before the Institution of Mechanical Engineers 
at Manchester, in 1876, were fumiabed by us. (See Art. 188. } This and the 
article on rope gearing in " Elements of Machine Design," by Dnwia, for 
whieb we also ftiraiahed the data, constitutes, we believe, almost the only 
printed information we have in English on the subject. 

" Mr. Durie exhibited a specimen of rope 7" in circumference, which 
showed very little wear after working four and a half yeara under a strain of 
205 lbs. at a speed of 2900 feet per minnte, trananiitting 18 I. H. P. 

"The sLee of the (ottou-mill engines for Bombay is very great; 4000 horse 
power, transmitted by a wheel of 30 feet diameter, having 60 ropes, most he 
asijjht worth going to the East to see. 'JOOO horse power, with a wheel of 30 
(eet and 30 ropes, is our greatest achievement — this drives a jute mill in 
Culcuttii." 

Peabue Bbother-s, Enginten. 
)y,ndce, Marehilai, 1384.— London Engineer, March 21st, imi, p. 229. 
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^^^BmUUM pleasure in adding tho following data, kindly furnished b 
^^^fpihrood, Greene &. Co,, Mill Enpneers, of Newburyport, Mas». : — 
^^^*'Otir experience with rope driving lias extended back over a period of 
About three yeais only. 

" In our opinion, this length of timji is not sufficient for us to give any 
opinion as to how successful this kind of driving may became, but we, of 
oonne, have no doubt in regard to its Bncceesfiil application, il' profier atten- 
tion is given to it at the start. 

"Our rule for apportioning the amount of power I'or eacli rope ia as 
follows: — 

"One 1}" diameter rope, running lOCM) feet per minute, will transmit 10 
horse power, 

" For a size of ropo either larger or smaller than this, the amount of power 
it would be capable of transmitting woold iiicrease or decrease just in propor- 
tion to its strength in comparison with the above size. 

' ' This rule we believe to be a safe one, and we think it compares very 
nearly with what is used in England, where ropes have been in use for 
upward of thirty years. We know of one instance where the same ropes 
have done duty for twenty consecutive yean), and, apptu«ntly, are us good as 
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"The same mle that shonld be obBerve<l in belting holds guDcl in ropo ilrit- 
iug, viz. : that main driviag ropes Bhonld not lie pnt np in a perpendicnlar 
position unless abHolately n»'<!S9arv, hnt if it i» nuavoidahle, extra ropes 
ahonld be added, according to jadgment. The ropes should be ran with as 
much slack as possible. By doing this we gain contact, and the rope is alav 
benefited. It is nnderatood, of couisc. that the top side alionld be the slack: 
side always, where it can be arrai^^ so, 

" We have ropes running tliat, in a length of abont TO or 80 feet, at an 
angle of say 45° from engine, show a slack of from 4 to 10 feet, 

" We hare known 1 j" ropes that we have put in as being fignred to do 40 
horae power ea*Ji, being worked an hard as to (arry from 60 to 70 horse power 
each, beaidea running under very unfavorable conditions. They are running 
horizontally, and the top side was the pulling side. This, however, was only 
temporary. Had it been contimied, the ropes, we think, would have given 
ont very kooq. 

" We have a mauilla rope running ont of doors, in two grooved wheels niada 

F[o. SG. 




for wire rope, and transmitting abont HO horse power at a distance of abont 
100 feet, at a speed of abont 4600 feet per minate. This baa run continn- 
allyfor two yeare, in summer and winter, and is, apparently, as good as when 
GcBt pnt on. 

" In regard to the shape of the grooves, we have, after somi 
adopted that shape wbith has been found to be best adapted to tbe ^neial 
condition of rope driving abroad, and we have been satisfied with it, bo fax. 

'' Some parties prefer to make it not tgnite so deep, but we prefer this way. 
We have had one case where the rope has jumped from its own groove into 
tbe next on the driven pulley. We know of no explanation of same, nnlem 
canscd by a new splice a little heaver than the rope, and favored by a wavy 
motion in the rope, cansed by this splice as it leaves pulley. Where tbe 
grooves are all oecnpied the ropes cannot jump; should they jump a groovy 
however, no harm ia done. 

" We do not think this can ever occur when shafts and pulleys are set tiu^ 
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d ropes properly ^lice<t; bat to icaant Of^inat the onteide rope jnmpini; off 
'fiitie groove entirely, we have eometimea tAoQ|i;bt we would make the oataide 
riia two or three iorhss higher thun the others, and ran it olli saj at lui 
.suigle of 45" obove pitch liue. We hove not ilone this yet, however. 

' ' We enclose full-size section of (pmtvc for 1 j" rope (P^g. SB), which is 
bere reprodni'cd, to stale of one-third: — 

"Some of the advantages of rope drivinn are ss follows; — 

" Ist. The cost is not so gnait aa for lielte, bei»nse ropes 
.^nil the space oo^upied by one ro]io to tninsDiit a certain a 
»iaoh te^ than what would be required for a belt to i 
aa.nioaiit of power, hence, lupes Tetgaire shorter and tighter head shafls, lighter 
tzvenrings for head shafts, and il' u belt tower ia useil, it niay Ik narrower, 
"tJicreby effecting some saving iu building mutcrial. Where guide pnlleys are 
«3sed in both cases, we can make a quarl^r turn with ropes as eaaly aa with 
belts. 

" Sd. As there is a certain amonnt of power in each rope, the nnniber of 
xvpefl driving, say any one room in a mill, can be diminished or increased, 
.according to the amount of power re«]nire<l. 

"3d. In belt driving, in ease of accident to the belt, we have to shut down 
Ch room, or whatever it may drive. 

' ' In rope driving, it would seldom happen that nil the ropes would be pre- 
"vented irom rraining. One, or even two, might be removed if disabled Irom 
^mj cati»e, and the power temporarily thrown upon the remaining ropea. 

' ' We have not yet mode a complele comparison of the coat of rope m. belt 
^jiving, that is, to include variation in the weights of shafting and hangers. 
~^Ve have, however, made a compariaoa in the cost of belts and ropes only 
(for the plant of the Washington Mills Co., Ijiwrence, Moas., where me have 
i»lK>at 2000 horse power in ropes), which is as follows, viz. ; — 



Mill No. I. 
CoBtof Tope aheavea $1408.72 



f Cost of pnlleys. No. 1 Mill 
r Coeb of pnlleys. No. a Mill 
t Cost of belli) for both milla 



54,139.35 

W" Making a, total saring of about $4000, vrithout iuclnding for ahafle and 
bearings. 

"We would say, in conclnMon, that there are many things in which we 
Jiave to be governed by the conditiuna of the cone. 
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" We think yon can appreciate the fact, that ETery rase of rope driving, on . 
wijll as iif beltinB, has ila iiwn special reqairementa which liavB to be olisorvei], 
and that it wnaM here be impr»sible for us to enter into an elaborate descrip- 
tion of each of the above plants. 

" What we have written has been in connection witi oarowjinctaal experi- 

" Referring forthei to the oilvantoges gained in rope driving, we consider 
the following to be a very important one: — 

"The power is gained by the grip of the rope in tJie poove, therefore, the 
ropes can be pnt on very loosely. This docs away with all unnocesBary ten- 
tuim on the shaft and bearing and rope, so that the only pull is what it 
aetnolly needed to turn tJie shafting. 

"Belts arc so loaded sometimes, that In order to transmit the power 
required, they are put on so tightly as to cause unnecessary ftiction i 
bearing sometimes springing the shall, which is, of course, always m 
panied with more or less trouble with the bearings." 

[Notes os Kope Geakiso, feom variottb sochces.] 

" With the angle of 40°, the Irietion of the rope upon the two sides of the 
groove amounted to nearly three tiniea us much aa if the rope were working 
on the surface of a plain dram without grooves, and with this angle tl 
co-efficient of friction is 0.364. 

"The strain on the driviug sideof ea<'h rope is estimated at 243 lbs.— 
very moderate pull for a hemp rope of six-inch circumference, and under 
which the ropes appear to wear well. ' ' 

Alt writers agree that ropes should be arranged and ma iu the same vray 
as already many times stated for leather and other belts. The initial tension 
should be without straining, the pulleys should be large and set apart hori- 
yjjutally, to gain the effect of tag on both polleys, and the speed shoald be 
high. The ropes should hang iu deep, catenary curves between the puUeys, 
the driving strip should always be the lower one, and neither strip should be 
TerticaL 

The wheels are usually of cast iron, mode whole, in halves, or segments, as 
may suit the making and slupping of them best. The jfrooves should be 
accurately turned to same shape to suit the ropes to be used and 1 
diameters, txaellg, in the same wheeL 

White, uutarred ropea will break under a strain of 7000 to 12,000 -lbs. per 
square inch of section. To obtain the actual section, take -^^ of the dr- 
cunisuribiug circle. The weight of dry rop*a in pounds per foot of length, 
according to Karl Von Ott, = 0.2812 diam! or = 0.U285 cirf 

Wedding, a machine manufacturer in Berlin, found, by experiment, ti 
the resistanceof arope toslidingin a V-groovod wheel of 60° angle, is double 
the resistance that the same rope meets whe^i iu a semicircular groove which 
it jnst freely fits. — Beuleaux Ounstrucleur. 

A pulley 03 feet in diameter, and weighing 83 ti)ns, has just been made 
in England. It has grooves for 32 ropes, which, together, 
burse power, and the rim will have a velocity of more than a mile a 
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v made o( btat Rvjmn hemp or cotton, table laid, 9" dUnteter, 
) feet per minate. First cost of ropes is said to be .£175, say 
$875. FiTBt uosC of leather belts lor sumii service ia said to be £1700, soy 
$8500. Weight saved, ime-third at least. Power saved, representoil by 
one-third of the weight of belts M 4320 feet per minate. Ropes are Bome- 
times treated with u prepamtion, soinctimes run without, especially the cottnti 
ropea. Tho wear is, of comae, (;reater, but it is claimed, on the other hand, 
that tbey wear out one at a time, and can be replaced one at once without 
stopping the mill, durilig any meal time i>r in the evening alter working hooiB. 
1. '■ Never use pulleys of less diameter than 6 fe*t for nuiin work. 
3. ' ' The greater the velocity of the rope per miunte the greater the efflcieucy, 
np ti) 6000 feet per minnte. 

3. '■ For great power, TOpe82V" diameter, 2" whenstretched are best; fable 
laid with three strands, and each strand of three finer strands. Where small 
power is require*!, it is not necessary to have the rope cable laid, or so great 
in diameter. For ropea of small diameter, smutler diumcteis of pulle.vs may 
be used than 6 feet, and cotton ropes are prel'erable t« hemp. For large ropes 
or outside work, hemp is better than cotton. Cotton ropea made from yarn, 
counts about 20° to 30°, are better tliau those made from rovinga. 

4. "With a rope 2\" diameter and pulleys above 6 feet, rope will drive 
10 indicated horae power eveiy 1000 feet of n»pe speed per minute. 

" There is not much difference in the friction of ropes and belts, bnt the 
belts are ho ranch heavier that they tohe more power to keep in motion, and 
they cause much more baet la»h, because they get swinging and undulating; 
when at high speed, and are a much greater weight on the neck of the ahalts, 
both driver and driven. 

" The ropes for main drivers are 2" diameter, and those for counters Ij" 
diameter. They are speciuUy designed for driving purposes, and are laid in 
three strands, each strand having a central core. The cores are covered with 
a non-gumming compound betbre the strands are formed, and these also 
ODvered with the same Inbricating substance before being laid; the exterior 
of the rope is also treated in the same manner after it is finished. This pre- 
caatiim leaves the rope very pliable, and reduces the internal strain which 
the rope would he subjects to in rounding the pulley to a minimum. It is 
also a protection to the exterior of the rope, and allows the same to adapt 
itself to the groove in the pulley, and after a little time becomes smooth. 
When worn off, it can be applied while running. The spUcmg of the rope 
should be wretblly done, as experience has shown that budly-spliced ropes 
wear at the splicing pointa longbeforetJiebody of the rope shows signs of wear. 

" Three-stranded rope has been found more serviceable than fbni stiaJid, 
and makes a better splice. The former adapts itself lietter t<) the V-ahaped 
groove of the pulley, aod is not so much subject to the same internal dis- 
placement in rounding the same. The best makers recommend pulleys not 
less than thirty times the diameter of the ropea, and the larger the pulleys iu 
comparison with the diameter of ropea, the longer will be the wear. 

"The tbrraula of driving capacity of ropea is taken far below the actual 
^tensile strength of the same, as the former is subject to the friction of the rope 



3d4 ROPE GEARING. 

in the grooves. It ie given by reliable makers aa, for 2" rope, 15 
per 1000 feet surface velooity i"cr miante; IJ" rope, 11 horae power per 
feet amface velocity per minute; 1\" rope, 7i horse power per 1000 feeit 
fitce Telocity per minute. 

"A mill now runuing funtiabesan actual t^ for this formalii, and 
by eight IJ" ropea (two of these allowed for margin) nt a surface speed 
4000 leet per niinate, the engine indicating 270 horse power. The ropes 
this case are three fltrand, are kept well labriuiteil, and show few dgns 
wear after years of service." 

tjnwiu, ill his " Elements of Machine Design," gives the following piopa 
tiona for a. rope-driving wheel. Starting with the girth of the rope na a [ 
of meosare, which makes the rale a general one, applicable to the eevi 
sized ropes nscil in this system of power tranamiasion. 

The pitch Pof the rope grooves ia made 0.47; the opening of them at 
periphery of the wheel 0.39, which leaves a division thickness at periphciy 
of wheel, O.OS times the girth of the ropea. 

The angle of the groove in which the rope reslfi is aniformly 46°, and 
bottom is rounded to a radius whose centre lies in the cin:nmfcrcnce line of' 
the rope, which makes the depth of tbe groove 6 below the centre of tho 
rope, 0.96 times ita girth. 

The periphery of the wheel lies 0.125 times the girth of the rope above thft 
top of the ropes when in the grooves, making the height a 0.235 times the 
girth; the sides of the grooves ate curved to a radius whose 
line tangent to the top of all the ropes, and the thickness of metal in tbe lim 
of the wheel ia 0.139 times the girth of the rope. 

Pulleys that are made for guiding ropes and not for tnmsmitting power, 
should have their grooves made to fit tbe ropes without side binding of them. 

The splices of ropes should be 9 or 10 feet long. 

The following table will show the transmitting power of ropes;- 
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Pearee Bros. See Art. 188 1 

Lockwood, Greene &Co. 

Art. 260.'.'.'..'.'..'.'..'.,'.'.'.'.,..'."!.!!!! 

Unwin 



ON TEE ADHESION OF BELTS. 

Beware of trials wliiih do not try the cane in qHesticm. 

Ims party finds, nn eiperiratnt, that a nhne string pirils harder over the 

[gh port of his napkin ring than over the smnoth part, and from this bit 

Empiricism mukes the sweeping asMrtion that maehinuty belting will do 

e work on rough pnlleys thnn on wnooth ones. He gfxm ftirthet. even to 



Bttncing his iJieory oa 

IrAeeb mill enaMe a pulley lo ilrirf a 

,t here it wilt be proper to Ray— 

a making up theories in Mechoj 

g apparatus whii-h, 

I aa would be found 

k my theory 



le, that " nothing eJne than n st/tdem of 
1 Ml lo drier a piilleg," 



half of one's 
n some essential point, dot 
n artunl practice." 
I think it is," he says, " 



■rrors usually at 
; not give the ai 



; foUowa that what 

Bperl'ectly smooth pulleys are obJM^tionahte, and although I would, on 

the matter of wear to the belt, not rerommend n veri/ ruogb one, 

d that a certain amount ol' ronghneas ia the nur&ee of the pnlley 

le to the ttansmittul of power from the belt and pulley mutually 



!, be amis to consider this theory cai«(Uly. 
g that belt driving is due to the interlocking of tt«th, which are 
|.the ailhesive used on pnlley and belt, however small they may 
, it Btill hcii]!! true of these OS with the usual cog toeth, which we know 
can only drive' ^iln'ii tln-v are in gear. 

"What is meaiii l>\- Boiootbuess when referring to belts and pulleys in, sar- 
Stcea which, on pulleys, are truly cylindrical, or pert"e<'t forms cjf revoiutiou, 
and. on surfaces «i' Wttiug which are free from unevenness, such that one 
will have entire tojititct with the other whenever and wherever they come 
together. 

If the adhesive toottj length be "invisible," then, neither the pitch circle 
nor the line of fate must vary from a mathematically true circle by an 
amount greater than this length, nur as much, else the teeth are ont of gear 
and cannot drive ; aud for this very reason pulleys shonld he truly taraed and 
liesiaooth, that is, having an even surface, without undnlations, roughness, or 
perceptible hollows or projections. Smoothness here is not used in the sense 
of alipperiness, or lubricity of character, a quality the very opposite to adhe- 
^veness, but to secure every point of contact posaihle over which the belt 
paasM, getting the greatest advanto^ out of the adhesive, by keeping the 
greatest number of teeth in gear— the " impalpable" teeth of the cog wheel 
theory, If you please to ai^ept it. For if there be a cavity, the adhesive 
cannot bridge it with driving teeth, and if a protnherance, then the belt is 
lifted from the pnlley face and many teeth are oat of gear around about its 
base. The fact is, whether you have visible or invisible teeth, whether they 
■re pitchless and shapeless, or have some determined mcaauro and form, 
whether they bo yielding or solid, viscous or fixed, whatever they be, what- 
ever be the nature of the surfaces of transmission, the two must engage with 
(Mb other fully to gain all available driving power, .uid so adhesion is simply 



of the Mcyon of 
proved and pi^Hisbed 1 
irfaces." Aftfrmud,,' 
(wtupl Ae thirn 4 
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the holding of oji adhesive; and it has driving efBciency becaaee it sticks antn 
does not slip, and if any one square int^hof sarfacelioldBso mnch, that is, offei 
a measurable resistunue, every additional similar snrfaiK holds jiut sm mu^ 
moTe, and, therefore, anj increase of area of contact will hold proportionaUtf 

It is believed all aatborities agree that adhedon by itself is as tl 
The ubicf canse of disagreemeut baa arisen from the coufiinnding of t£iat 
from ""'"g the words adhesion and friction indiscriminately. We all kjjb 
that friction, generally considered, is not aa the amount of surface e.n^tif 
but is qnite independent of it; that it ia directly as the weight, which v/k 
seem to be TOrrect in all fairness of reasoning, there being no cause wto iH J 
should take more power to move a brick, for example, over a plane suilboB) V 
wbether it be dragged on end, edge or aide, weight being tbe mliDg element IT 
the problem, while the sor&iceia incidental only. 

The fltst enperimeuW made to ascertaia the trne 
sliding are dne to Amontons, who, aa early as IGBS 
that "friction vras independent of tbe extent of i 
Coulomb, in 1781, made aset of experiments which w 

those of Amontons. He "at once determined the effort necessary tomrodtice \ 
motion alter the bodies had remained some time in contact." " Thais wbat 
he called the reMstaaee orfrictiim of departure," " He saw that t'jis frictioB 
was proportional to tbe pressure, and he expected to find it composed of a 
part proportioned to the extent of the surlikce of contact, whi{'h he termed 
adkeaion, and of another part independent of this surface." Still, 
admitted that, generally, friction was propordoaal tu tbe pre^ure, and inde- 
pendent of the extent of tbe snr^icea and of tbe velocity <if lUotion, although 
bis apparatus was not adapted to correct measurements anil his lignres were 
a little tmcertoin. "Coalomli also first established tbe^ct that, for eom- 
pressible bodies, tbe friction at starting, or after a contai:^ of some daratjon, 
was greater than it was alter the first displacement." 

In the Philosophical Transactions for 1839, page 16&, noted also by Prof. 
Thurston in his excellent treatise on " Friction anQ Lubrication," experi- 
ments were made by Mr. G. Eennie. As these pitrticulara are not readily 
obtainable, they are here given : — 

" 1. The laws of sliding friction differ with tbe character of tbe bodies 
rubbing together. 

"2. The triction of fibrous materials i a increased by increased extent of 
surface and by time of contact, and is diminished by prEssure and speed. 

"3. With wood, metal and stones, within the limit of abrasion, fKctiOD 
varies only with the pressure, and ia independent of the extent of sarCioe, 
time of i«ntact, and the veloci^. 

"4. The limit of abrasion is detcrroined by the hardness of tbesofterof 
the two rubbing parts. 

"5. Friction is greatest with soft and least with bard materials. 

"6. The friction of lubricated surfaces is determined by tbe nature of the 
lubricant, rather than by that of the solids themselves." 

Heoce, it plainly appears that these early experiments recognized a dif- 
ference betvieen frictiou.dod adhesion, and proved fairly by ample ' 
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« having yieliiiiig surfuc*3, ami Hnch as were given time to set oi 

o each other, and neie Bmeored with imctioua or adhesive matters, 
ofiered more reaistiiuce to slidioj;. 

Moria'a " enperiments npon the frictioa or strong leather, tonncil and 
placed flatwine Dpua cast iron," also proved the law of the independence of 
snrftkces. "Tliough Ic-athcr is a soil ami very tompresaihle eubstanpe, its 
friction is none the less proportional to the pressnre and independent of the 
Telocity throaghont the whole range of eiperimenla." 

Morin's new and elaborate series of experiments, made at Metz, in the 
^ears 1631 to 1634, by means of new processes, are the most complete ever 
made. I give here the "consequences of these experiments :" — 

"The enperimenta made by me upon the friction proper of plane aurfacea 
-npon each other com prise 17a eeriea, answering to different eases according 
'to the nature or condition of the surfaces in contact ; and they all, without 
exception, lead to the Ibllowing results: — 
" The Mction during motion is — 
" 1. Proportioned to the preesnre. 

" a. Indt^iendent of the area of the Hurfiiees of contact. 
"3. Independent of the velocity of motion." 

Emphasis mnst be placed here on the word "proper," which certainly 
means something, and in order to arrive at a clear conception of the ph&- 
aiomena of reaJBtanco to motion of sliding surfaces, we will further quote the 
"words of this eminent experimenter: " ExperimenU upon Ihe frictioit at start- 
ing, or ichen the intrfaces hare been some time in contact. The same apparatus has 
served for the experiments upon friction t 
«ontact, whose aim was to establish in what 
"lietwecn it and that produced dnring motion 
ing to the case, arises from very different cau 
lo the reciprocal compression of the bodies upon each other, and to a kind of 
searing of their elements. The time or duration of compression probably 
exerts an influence upon the intensity of the resistance opposed by their 
trurtacea to sliding. But generally this rcsistauce reaches its maximum at 
the end of a very short period." 

The reader will not fail to see, after reading the above quotations from 
Morin, that the invention of the cog-wheel theory, as applied to sliding snr- 
&c«8, is not cia-Atlantic, and, further, that the action of belts on pulleys, 
being of yielding material coated with viscous substances and allowed time 
for engaging in contact, is a difTcrent thing from friction proper. 

Another leature of this subject presents itself — the Inflnence of pressure 
and of the unguents relatively to the extent of the surface. Quoting Iilorin 
again: " In fact, we may conceive that if the pressures were so great in 
respeft to the surfaces us to occasion a marked defacement, the state of the 
surfaces, and consequently the friction, would vary; or that, on the contrary, 
if the surfaces were great and the pressures very slight, the viscosity of the 
nngaents, usually disti^arded, might then exert a senaibie iuflnence," 
The driving power of belts, therefore, may properly be considered as caaca 
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the start, or after a prolonged 
ises there is a notable difference 
This difference, which, accord- 
I, may ia genera! be attiibnted 



TO OVERCOME i 



PPINO. 



of friction where low preasnrasiuid comparatively large sorfacte are involved; 

and in which friction is augmented by viswns nngnente or adhesivea. 

If this be admitted, then we must posa from thos« conditions in which, the 
laws of friction are developed, to another condition, where adhesion pre- 
ponderates over sliding, in tlie cooaideratiou of which new laws most be 
established. 

Practically, we will find here just what all believe, that tlie area of contact is 
an important factor in the problem — that two square feet of ndheaion will 
hold exactly twice aa mnch as one square foot. Nut so with friction, whicll 
is us the pressure, not as the surface. 



OVERCOME SLIPPING BY WEIGHT AlfD 
STBEirGTH. 

ZOU- Whatever may be said against the adoption of a mle based upon 
"the tension on the belt," It is certain that with belting the tianamission of 
power means pulling for the belt; the horee pulls the load by poUiug on the 
traces, and the motor turns the wheels around by palling the belts which 
enfold them. 

The fastenings of the trace ends and the terminal strength of the traces are 
the two important elements in the connecting link between the horse^id the 
load to be drawn; and so the continued holding of the belt to the pulley 
feces and the strength of the belt form the chief factors of the trausmisaion. 

Mnch is said in discussion against coming to a conclusion about definite 
mles and formulae for belting, because of the varied effects of dry and 
"muggy" air at times upon their driving power, yet tactories and machinery 
driven by belts do not stop on account of the weather. 

There was a time when the newspapers here announced that the passenger 
trains ''will depart daily when the lecather in fair." Like new belts, the 
machinery of tjaoitiuission slipped, for want of suEGcient adhesioa to the road- 

But a method has long since been found to start the trains and keep them 
going at rc^larly appointed times, every day, as we all know, regardless 
of the hygrometric state of the atmosphere. 

Additional weight and strength made the machine saperior to the infirmity 
of slipping, and about the same remedy is needed for snccessfnlly tnuis- 
mitting power by belting. 



"Right here is the place to say that successfnl engineering is that which, 
without imuGCcHsiiry delay, comprehends the extent of resources at hand, 
and applies them in the best manner to suit the ends in view." 




OBJECTION TO LONG BELTS. 






BELTINO SHAFTS OUT OF LINE. 

I havi" alre4Mij' given in " Use ot Btlliiii: " several methoda of nin- 
twist«d belU, buttbi' fiu't of there l>etn^iLn iudelinite number of wny a iu 
Vhich BDch belts can tw ran, is evident tn every iotellif^nt mechanic. I 
migbt^vG forty-nine methods of transmitting power "out of line" by Ijelta, 
when a flttieth would be needed to meet the new fane in point, and, of 
fuDTse, wonld have to \>e Invented. 

To meet most eaaee in practice, doea not present prol)lema whieli are very 
difficnlt of solotion. 

To establish belt«d eonnections between shafts at various angles with each 
other, and at the same time avoid side stiain on the belts, and have them 
ansnged, also, »o thnt motion in either directioa may be maintained, can, of 
oonree, be done by the use of ontlying pnlleya over which the belt rans. 

In some cases, two or more pulleys will be needed; their diameters may 
have to be soitad to the conditions of the case, and their axes may have to be 
inclined to the horizon as well as be out of parallel with the main BhaJla. It 
therefore, probably within the iKmnds of easy accomplishment to arrange 
systemB of palleys snob that power con as readily be transmitted around any 
r, "high Dp, low down or middle ways,'' nnder similar conditions and 
equal economy and certainty of resnlt as with parullal-sbafled systems. 



OBJECTION TO LONQ BELTS. 

S04. One reitsoii why long horizontal bells tear out at their joinings and 
strain them-selveti into excessive unevenness, is to be found in the severe ten- 
sion produced by surging when under the condition of a catenary gtreh?hed 
nearly to a horizontal line, in which case the tension upon the belt becomes 

To illustrate this: take the nsna! formula for Bucb cases, in which S = the 
strain on the catenary in tons: L ^ the diatribnted load in tons on the 
catenary, including itself; C = the chord in feet, or distance between centres 
of ahallB, and V = the versed sine in feet, or "drop " iVora horizontal line 
drawn ftora top to top of pulleys to the belt at a point midway between the 
pnlleys; then we hove an expression which, if solved, will give the tension 
on the belt when quietly sustaining its own weight; thus: S = ^ 

It is very plain that as C increaars and V diminishes, 8 will increase, and 
that very rapidly, and the strain becomes dastmetive when surging of the 
belt bf^iua. (See Art 32.) 



L. ViQEEUX says : — Leather belts may bo subjected to a working strain 
of 912 11)3. per O " of section, and that single belts are usually about A " 
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ALEXANDER BROTHERS IMPROVEMENT. 



SEASOKS FOB EHFL0TIN6 GOOD BELTS. 

SOB. With tlm l»oat ol' dynamoa, good belting is necessary to secure 
oniforui rtsulla. 

A case occurred at the Philadelphia Electrii:al Eshibition which will illus- 
trate this point. While the testa were being condacted, a tremor of the 
lights waa observed, which woa at once Bttiibated to the engine driving the 
dynamo, although the fluctuations of the lights weru observed to occnr in 
times whose periods were measured by sevenil revolutions of the engine. 

The engine was at once thoroaghlj examined, even to the removal of the 
governor, which waa overhauled and re-tested by the regular appliances at the 
shop, hut the scan Ji revealoil nothing that would explain the cause of the dis- 
turbance, for the governor was found to be without detect. 

The whole trouble wjb discovered aDerward ta be caused by the belt 
lacing, which, in passing over the dynamo pulley, jerked the belt and 
disturbed the lights. 

Belts for driving dynamos should be made of the best materials, of ooilbrm 
thickness and density, and pracldcally straight in their run tbroagh the air 
aad over the pulleys. They should be soil and pliable, and kept so by 
proper application of the usual aad obtainable unguents prepared for thia 
piupOBe. 

In the use of belts for driving dynamos, they should be made endless, that 
is, without laced or other unevenly made joints, and when made of double 
thickness, care should be taken to select Euch makes as will give an even aad 
full contact surface of the leather ciinstantly to the faces of the pulleys, 

Laige-hoaded copper rivets should be avoided, because they rednce the 
contact surface of the belts, and coarse stitchii^ and knots should mit be 
used, because they deslroy the smoothness of the belt's sutlhce. Both 
diminish the adherence of the belt upon the pulleys. 



ALEXANDER BEOTHEES' IMPBOVEMEST IN 
WIDE LEATHER BELTING. 

206. The main teaturea of this impTovement are the increased area of 
pulley contact obtained and the better tiiatrihution of the working strain. 

The ''tight line," or line ol' the least stretch, in a hide of leather, Ilea 
immediately over tlie back bone; and in a wide doable belt of nanal make 
these tight lines will both be found running along through the centre, aa 
shown in cross section in Figure 3. 

Thia construction entails the following disadvantages: — 

1. All pulleys being more or less convex on their faces, the middle of the 
belt being firm and not conforming to this convexity, and tbeedgesof compara- 
tively loose fibre; the consequence is, the edges of the belt will not bind down 
to the lower portions of the lace of the pulley, and after mtming a short time 
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willBtreU^h more, owing to their looser fibrn; thna, only a purt of the width of 
tbc belt is effective, iind trauamita miicli leaa powc-r than if lUt the sarfac« 
contact wau avaiLiible. 

2. The t-entre or tight portion of the belt bearioit the grenter part of the 
stmin, will, eonseqnently, give out pruportiunately quicker thiui if the work 
WHS equalized. 

In mating wide double belta by the improved method, we naa the bnck- 
Cttitre (marked B C in the cat) pieres lor one ply ne osuul; but for the othec 




fi^.«. 



:k 



^1 



« cat the hides nlon); the middle, tom the back edgee (B E) outward, aod 
[fte side edges (S E) inward, joiniiig the latter by a scarfed lap, the wholeaa 
dMnm in croas section in Fig. 2 ; Fig 1 being a perspective view of same. 
It win be seen that we then liave three tight lines, one in the middle, and 

a. each edge. 

For extreme widths, three-ply bella, etc., the same principle is carried out 
h otber arrangements of the pieces. 
The disadvantages of the ordinary method are overcome hh followH: — 
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1. The edge portionH of the Iwlt having their proper share of the flrroOT 
and more solid stoc'k of the back, it is evident that they will bind dow-n io 
the edges of the pnlley, thus ({iving a more oven bearing the whole breadth 
of the belt, and hence a greater araoant of pullej contact. 

2. lu eonstqnenpe of this greater contact and more even bearing, the work- 
ing Htrain will be distribnted over the entire width, thns preventing wear on 
any one part alone. 

In theae, as in all other belts made by as, we nse only the heaviest and 
best taunage of Pnre Oak Bntta. 



PITLLET COVERING. 

207. " There are two ways to cover pulley*. The firet, which ia the 
quickest, is to lap and cement the ends of the lagging together, bo as to make 
a cot, which is cemented and slipped on the pulley. The difficulty in this 
method is in getting the cot just the right aiM, for if it is loo large it will not 
bold good, and if too small it cannot be slipped on the pulley. It cannot be 
used auccesafully on large pulleys. The second method is to Biat secure one 
end of the lagging with a row of rivets 2 inches apart acrosa the face of tlra 
pulley, which has first been made fast. Then cement a portion of the lag' 
ging, which ia passa! around the pullej and a etiaiu pnt upon it, and that is 
lield in place with a clamp prepared for the purpose. It is also well to pat 
in two or three rivets, which shonld always be placed, when drilling the holes 
in the pnlley, abont S inches apari^ aronnd the rim, } inch from the edge, and 
if wide faced, around the middle also. Then proceed with another part of 
the la^ug aa before, until the last {usually J or J is done at a time). Tbe 
end is then sccareil as at Dist, by a row of rivets across the face of the pnlley 
3 inches from the first row. It will be necessary to make the lagging enough 
longer than is required to go round the pnlley, in order to fasten tbe clamp, 
which is required in putting the strain on the lagging. We know of no 
quicker or cheaper methods than these." Ai.bx.vsdkb Brob., Philo. 

PEBFOBATED PULLET COTEBINO. 

ZOS. " A perforated covering is applied to the face of pulleys by the 
Messra. Wilkinson & Co., of Manchester. This covering consists of per- 
forated sheet iron abont t*," thick, which is secured to the pulley by rivets. 

"Tbe tension on the belt cansesit to slightly sink into the holes, and thtta> 
gives the belt a better bite on the pulley with considerably leas tension 
ia required for an ordinary sraootli-faced pnlley. Again, it is very probabU 
that a fasb-mnning belt carries in a film of air between it and the snrface of 
the pulley, ao that the belt partially floata on a cushion of air, and hence has 
a great tendency to slip. 

"By adopting a pertbrated covering the air manages to escape threogh thg 
holes and prevents this action taking place. 
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" Hiperimmte prove that the grip of the belt un tbew' (iirerint^H ia ilonbled." 
(See Art. 19*.i—EHffiaffring, (X-lober aHth, ISH7. 

KXTAL ?TILIET COVZEIHO. 

X00> " To iDcreoKV the ((rip of m pulley on belting, an English iaventor 

pmpoeta to cover the pnlley with a thin, perfomtcd metallic cover, liiBteDed 

bjr screws, rivetn or nolder. It is claJmrtl to iocreiwe thu utrcngth of the 

pulley if properly applied, to iucreatie the bold of the belt, and to make it 

jKMsible to run with alafk belts. It remains to bo Beta whether the wcur of 

"the belt is greahr in any notii^cable degree than with an ordinary pulley, hut 
it may be osHumed tliat, an the nectssary tension it luw, tho life of a belt 
will not be decreneed unless it is too small for ita work. The advantages of 

"being able to ran with a slightly slatk lielt are oliviooH." — The Iron A'jr, 

April fith, 1B86. 

PAFEB COVEBtlTG AlTD OUIDE FULLETS. 



SIO. "A poper covering will give nearly if not quit* ns good rcanlts, and 
<iui be applied by any one. Itivjmmendaitself loua:lst, it is thoap, and 2d, by 
■the «we with whii'h it is applied. The claim maile that it is a patent is. in 
my ofunion, a false elaim. A good quality of straw iKMkrd, a good flour 
^isote, the pnlley chemieally clean, and an iron scraper to ibrcu the paper 
into contact with the pulley, expelling the air lYom hetweon pulley and 
liaper, are all that is needed, and in nine caseH out of ten will give relief. 
The only phtces that its use is a failure are whore sawdust, bone dust, or 
something of a gritty nature falling between belt and paper will canso it to 
wear through. But the beuelit derived from its use will niore thiui compen- 
sate for the expense of replacing it. It can bo Dtatod aa nn axiom, that a belt 
can be run in any direction from its driving point and do work sncuvHsAilly 
by using guide or idler pulleys. In running beltfl to drive ahaftii that are at 
right angles not in the same plane, the palleys must \k so placed that the 
belt will run direct Irom the lace of the driven to the face of the driving — in 
a word, line from the delivery to tbe driven pulley — the distance lietween the 
near faces of the palleya not lesa than six times the width of the belt With 
a belt perfectly elastic, the same amount uf contact can be obtained as with 
Bu open belt. The pulley from which the belt deQectfl should have a wider 
face than is ahsolately neceasary for the width of belt, and should be 
crowned. A novel form of idler for transmitting a quarter-twist belt between 
two horizontal shafts not on the same level or plane, is a vertical shaft with 
two arms set at on angle of 30°. carrying pulleys, the upper arm carrying the 
pulley that receives the belt from tlie driver, and made long enough to bring 
the pulley in line with the receiving side of the driven pulley, the lower or 
short ana carrying a pnlley in line with the receiving side of the driver, and 
the arm made as much shorter than the upper arm as the diameter of the 
driven pulley." 




DATA, BY MR. ROBERT BRIGGS. 

DATA, BY MB. BOBEBT BBIGGS. 

211. " In their best condition, all belts are worked nuder the least strain 
which will tiOTiamit the desired power with stendiness. Aii irregnlarity of 
motion is the first indication of tbe slipping of a belt from inability tu transmit 
nnder a given tension, and the skilleii worknmn will give it uo more tight- 
ness than just enough to drive by. It has been fonnd by the experiments of 
Mr. H. R. Towne and the writer, that under snch conditions, any and all 
leather belts in good working order exert a Mctional bold on their pnlleys 
of about fifty-eight per cent, of the presanre of the helt apon the surface 
of the pnlle}' at any given place, for a maximnm, or abont forty-two per 
cent, of this prcaaore in good practice under the ordinary conditions of atmos- 
pheric temperature and moisture. 

" The effects of different arcs of contatt of the belt npon the pnUeys can 
be seen by the following table : Strain on tight side of belt ^ 68$ lbs. per 
inch wide; co-effieient of friction ^ 0.43. 
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" In using the above figures, no allowance for centrifagal force orinl«rpOBi- 
tion of air need be made for use with ordinary machine tools, and these cor- 
rections need only he applied to polishing lathes, centrifugal maehinea, faaa, 
saws and similar tools and machintfs. 

"The new unit of value which I propose is that derived by the ninltiplic 



a inches, and the 
Diameter X width X 

t by different pulley of 
nit, will bo found to be 
orkmau who has once applied it 
the rule or fail to appreciate its 



tion of the diameter of a pulley in inches by i 
result by the number of revolutions per miuut* 
revolutions. 

' ' The comparison of the relative powers given ■ 
the same system, for transmission, by means of this i 
so easy that 1 can ventuie to say that 
uoderstundingly in prartice will ever f 
utility. 

" The number of 5000 units represents the leaft power of tbe belt proper 
for latlice of 10-inch to 50-incb svring, and 6000 gives great ease and long 
duration in service of the belts, it being assumed that each latbe is operated 
with a single cutting tool. 

" The same numbers suffice for medium-size sbapers, planers, drills and 
boring tools; but (or tapping machines, screwing machines, and tlie laT}|ier 
tools, where the friction from the weight of parts becomes a great element 
in the work to be peribrmEd by the tool, somewhat larger figures will be 
demanded; 7000 to 9000 may bo nee*lful to obtain maximum of work in 
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the need* 
small tha 
neglected, 
pulley ia 
I width an 

^^^ ordei tlial 

212. 



tapping macMnes, serening machinee, and heavy lathes or planers, the 
heaviest of the latter tools dcmaQdiug yet lai^r figares. Whatever may be 
the needed figure Far all these tools (wLere the speeds of the helta are B(i 
iunall that centrtragal force uad the effect of the iuterpositiOD of air may lie 
neglected, and the belts are so long that the arc of contwl; on the Btnaller 
pulley is not less than 100° to 170°), in all cases the multiple of diameter, 
width and number of revolntions mud be equal to or above these figures, in 
ordei tliat the tool shall be driven certainly with a properly-stretched belt. 



DATA, ET MR. A. B. COTTCH. 

' The inquirer may kuow whether a 6-inch belt will do any more 
work than a 3-inch one, anil if not, why ucit. He may be famUiar with 
atmospheric pressure, appreciate the similarity of belts to surface plates, or 
even have in his mind's eye a Inminoas view of a belt running an a pulley 
of infinite ladiiw ; but all these will aid him very little in finding out the one 
tiling be wants tn know, viz. : the suitable width of belt for each cose. 

" When the actual ibrce lo be transmitted is known with tolerable correct- 
ness, Ute question becomes one of pounds per inch in width. 

" The following table gives, for arcs of contact from one-(iaarter to three- 
quarters of the circumfereD(«, the net fiirco which should be tronHmltted for 
each inch in width of single leather belt: — 
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"This coincidefl well with what has been considered good practice by 

', who have relied on a force of about fifty pounds per inch with a con- 

if 1S0°, increasing or diminisbiug with the arc 

inveuience of memory these results may t>e approximated by the 

if this simple mle;^ 
" IV) one-aeveuth of the number of degrees of contact add 21. The result 
Urn force in pounds per inch wide, which should be transmitted." 
"A good 'short cut' rule for aarertaining the H. P. transmitted by a single 
ther belt is the fallowing, which puts a stress npon it of about Ibrty-two 

1b per inch of width ; — 

H. P. = nxwxRpm. 

a which D = diameter of pulley and W = width of belt, both in inches. If 
le belt be one constantly under strain np to the capacity required, I would 
le 4000 for a divisor." 
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EXFEBIMENTS BY MB. SAMUIX WEBBER. 

fil3. From Mr. Samnel Wehbec'a paper, nuulut the Wuahington tn»}ljng 
of the A. S. M. E., in May, 1887, containing reeoida of n 
(letennining the relatire driying caparity of variona Iriuds of belting, I select 
sneh reBalls aa relate nuiro particnlarly U> the uar of belling, refemug Om 
reader to the paper itself for detaila, which are numeniua audconcloBlve, as to 
the practical value of the belts tested. 

Table 8 gives the r«oTd of the testfl of » renmrkable stnietare of leather 
imd iron, known as a "link belt." 

"The 'link belt' mentioned is made iu the following mimner; The links 
are cat out of leather, about 2 inches in lei^h aiid 1 ini'h in width; holes 
are then ptui'lied in this link aboat 1 inch tiom centre to centre; the link at 
made is then compreased as much on each end us the BQ<x»edinjf link will lap 
o\er on it, bo aa to bring as mnch edge suriace nest to the pnlley as it is pos- 
sible to do. The requisite number of links to make the width required B 
placed side by side, with an iron rod running through them, about ^ of an 
inch in diameter. In the belt tested there were 33 of these links in width 
to make the belt 12 inches wide. The rod hiw a head on one end, and aft«r 
being put through the links ia riveted on the other. The belt does not lie 
perfectly flat on the pnlleys, standing as it does on the edge, as the pieces of 
leather do not conform readily to the circle of the pulley, tuacbing only here 
and there. Owing to ita great weight, stiffoess and the great loss of contact 
snriace, by reason of the spaces between the links and the plains where the 
belt does not touch, this belt conld not be made to show very much of a result 
in horse power." See Art. 293 for full description of a " linked belt" 
is doing good work and which is also finely illnstrated, adapted to a variety 
of service and well spoken of 

Table 10 gives tests of a 3-ply rubber tielt 12" wide, ^j" thick, first under 
43j lbs., then S2J lbs., and flnatly under 83 j lbs. per inch of width, during 
which the rubber partially chafed off fiom evident oveistraio; t 
was probably greater than should have Y»een applied to the belti 

Tables 11, 12 and 13 give tests of a "raw-hide belt" ,'j" thick, the 
tension increased to 117.7 lbs, per inch, but this strain stretched the belt 
permanently. 

Table 14 gives teats of phiin canvas belting, whence appears the imposai- 
bilitry of obtaining any great friction IVom simple woven canvas. 

Tables 15 to 17 give tests of " cotton-leather belting " under varions te 
up to 117.7 lbs. per inch without stretching, retaining its life permanently, 
slipping bnt slightly on wooden and paper pulleys. 

"This belt consists of a firmly-woven duck or canvas, which i 
stretched by mnniug it a high speed over pulleys which are adjustable l^ 
means of screws to any required tension, and after the stretch s 
thoroughly taken out of it, a thin and soft leather lining if 
one side, under heavy pressure, so as to make a holding suriace to be n 
next the pulleys. The canvas is woven two, three, Qiur or more 'plies ' : 
thiakness, and of any desired width." 



TR4NSMI89ION OF POW 



BY BELTS. 



In the light of thtae and eurlicr experimeutu, Mr, Webber se^ n 
for changing any views or tahlHi poblUhed in his " Himual of Po 
1S79, and gives herewith two pruL'ti<aLl runuuliE: — 

So. HP. X 33000 X IHO" 



" Width in inches = 



pen 



n it, 1 ^ ( «tntin in lbs. \ 
lin. / ^ \ per indi width / 

in, X width y arc i 



- lelJujOOrtr 

33000 X 180° 
I straim known or oHHUnied, these TenoltH ue eutiily attainable. ' ' 



TRANSMISSION OP POWER BY BELTS. 



itl-t, " Sib: — I vdah to I'all your atttintion to a pet-uliur eiuw o( tnuiB- 
II of power by beltn that was liroagbt to my notice a li>w years imo- 
N«i 8" belts, one running npon the other, will transmit more jvower tliun 
wsame belts placed side by side, or a 16" lieltou a pulley uf tlie some sixo 

^ id rtmnio); at the same speed. This is a demonstrated foct. I lutve m yot 

E^WBid no explanation of the tact fVoni aay one, and after giviui; you sninc 

ItMoonnt of my experience, I will Rive you wlmt I tliink la one reason for it. 

imetliing more than two years ago, I wiu IvltiUK up a blast fan for a 

nd 1 was overruled by the ownera in the ijDestiou uf the size uf belt 

; I winhed to put on a 14" doable bolt, but they said that a 10" 

le belt was large enough, and it wan put on. Tbe works were new, and 

y wished to take oflf the tirst heat on the fortieth annlveraaty of the foond- 

g of the eatabliahment. Everything being ready fur the blast, it was 

I, hut tbe belt proved uneq<ia1 to the work put npon it. and could nut 

e the fall; there was uo Hmo to make a chanKe of belto and pulleys and 

■t off a beat that day, and I Haggest«d the double belt, one npon the other, 

LO other ultemotive, and they I'onBcnteii t« the trial of it. An olil 



LS at hand, and it 
« two belts did the work, melting t 
p bonx; this arrangement has been 
I " Hy explanation of the extra am< 
■ all tlie work to do, and the on 
I belt creeping by the otroin on i 
r belt on the opposite aide, and 



jr eight t« 



Hofir 



nt of work done is tbie: the inner belt 

r bolt only holds it to its work; the 

working Hde makes a tension on the 

, by this tension, holds the inner belt 

to the pulley; the increased pressure increasea the friction and the 

of work done. A belt running at high speed has a tendency to lift 

tbe pulley on the (ride it goes on; this ia caused by contrifligal action, 

diminishes its tractive force l>y diminishing the pressure on the pulley; 

is all overcome by the use of the outer belt." (See Art. 108 fur similar 

of belts.) 



348 CONE PULLETS. 

{See Joi-RN. Frank. Inst., van Sept., 1885.) 

ON THE FRICTION OF LEATHER BELTS ON 

IRON PULLETS. 



^15- Mr. Holman says: " When the experiments on lubricated aurfiu^es 
of whatever description are considered, it will be seen that the discrepancies 
are far greater than with nnlubritated." 

The following by Holioftn is a hint well pat, bat the user of belta espe- 
ciallj, as well us the " iatuUigunt t^ngiuecr," wonts to know just what allow- 
ance to make wben ordering hia belts, in order te cover these losses of efFect: 

"Since there ia, for any given belt, so wide a variation in co-eEcient, which 
may be called into action as the slip changes slightly, it iwvnia that eEoct 
compntatiooe will never be desirable in estimating the size of belting, and 
that the atudy of the lawa of the friction of belts, as least on iron pulleys, 
will serve lather to give to the int«lligent engineer a scientilic guide to the 
limits within which the work of a belt of given size must be restricted, than 
to give him a fixed factor with which to cnnipute the exat't diiuensions of a 
desired belt." 



OIL-DRESSED BELTING. 

SIS, Mr. Joseph Sharp, of Cincinnati, presented a paper on the above 
subject, which waaread at the meeting of Franklin Institute, September Ittth, 
1883, He sajs: " I have the honor to announce thut I have discovered and 
snccessfulty put into openition a method of ' oil dressing ' leather, which 
gives resalla far exceeding oak-tanned leather from the same green hides, In 
tensile strength and in grip or driving power, and producing a durable aod 



water-proof material attit«l i 

ditions. ' ' 

Several tables of exporimenls ai 
"The figures show that we a 

dreseed belting has a greater ) 



iposeil and humid c 

I given, which see for details. 

saying the new single oil- 
double oak-tanned ; and that the 



I the greater the superiority of the 



CONE PULLEYS. 

Z17. Mr. 8. W. Powell, chief draughtsi 
Hartford, ConiL, says: — 

" We use, in general, cast-iron pulleya, polished, and leathi 
hair side next Ut pulley. 
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"We huve round that for very high speeds, sny 8000 to 14.000 Rpm., 
where the work is not heavj, u mtton iir silk web aaawers better thau a 
leather belt. 

■'lu talciiluUngonr ome pulleys we innke no aUowiuic« for the thickneBs 
I of belt, and use the furmula giveu in liaukine's ' Muchiuerj' and Mill 
f^TFork,' viz.:- 

la which 



THE ADHKSION OF PLAT DEI' 



L = a c + 3HRi + K,) + * "' '^ ■'' 



I. = length of belt, 

C = distance between centres, 

R, ^= larger radius, 

R, = RBiiiUer roiiiuB. 
" We make the first decimul flgure in all the belts agree. Far ordinary 
machines which have ii eounter-shaft overhead, we nasunie 100 inches m the 
diatonco between the centres of the shallB and calculate the cones accDid- 
ingly." 



(See JoT-RN. Frank. Isst., Mabl-h, 1R82, p. 174.) 

ON THE ADHESION OF FLAT DRIVINa BELTS. 



218. From this iotereflting abstract of remarks made at the meeting of 

~ s Fmnklin Institutt;, I make a few selections of the many statements wbii^h 

a practical bearing upon the snlyect of transmission of power by belts; 

lA a resnlt of over 900 testa and readings made, the induence of increased 

r diameter is always to inerease the drive, eapeciilily witli light tensions, 

D inflnence of pulley material is so largely modified by the other condi- 

IB that no general rule can be hud down eoni^erning it. The same is true 

It material. 

flDcreasing the belt width does not always inL-rease the driving power, 
y with thick helta, Email pulleys aud light tensions. Increasing the 
ot always increase the driving power, especially with 
1 pulleys, wide belts and light tensions. Increasing the arc of contact 
increase the drive in every case yet known. Increasing the 
IB the dri ve np to a certain point, beyond which, in many cases, 
•naion will cause any augmentation in the grip. 
B belts, about 200 testa were made, under varying omditiona, 
le substance to increafle the adhesion, and that its tractive powers 
e conditions of his tests were exceptionally good, while it was the 
<t belt that be had over broken, 
le Mction between the belt and the pulley was the same as that between 
" y and belt; that the driving power of any belt was measured by the 
B between the tight and loose sides, and that the pulley got all the 
n the tension; it could go nowhere else," 



350 THE ADHESION' OF FLAT DRIVINQ BELTS. 

For the ''Inflnence of Pnlley Diameter on the Driving Power of Flat 
BeltB," see Mr. Grimahaw's abstract in JourTial of Franklin Inttilule, for Jtine, 
1882, p. 460, detailing experimentB on 36" and 19" polleys, showing in this 
ease a difference in the co-effitient of friction of 24. 06 per cent, in tavorof the 
laiger pnlley. 

" The pnllejs were tnmed cast iron, little worn and bnt slightly crowning. 
The ' grip ' is the difference between the tension T, of the tight strip of the 
belt and the tension T, of the sla<*k strip, and the co.effi(aent of friction C is 
calcnlat«d from Morin's formula: — 



" The average ratio ~ of five CKperiments = 3.099 on the 36" pnlley, anil 
on the IH" pulley the average was 1.874. 

"The average co-tfficient of friction by the above formnla wae,3359 for the 
belt on the 36" pulley and . 1983 on the 18" pulley. " 

The following paragraphs, culled from Mr. Grimshnn's nnmeronB writings 
upon the subject of power transmission, will bo found of interest: — 

" Canvas and webbing belts are immensely strong; they must be coated 
with a compoond repellant of grease and water. 

" Raw-hido belts are much atronger than leather and generally drive better 
— are affected by dampness and stretch readily. 

"There is scarcely anything connected with the tranHmisuon of power 
where the unwisdom of buying poor material or poorly made-up material is 
so strongly marked and the ill effect so inflnential. 

' ' Rubber bella drive best alter the dust is removed from them and before 
fhej get rained by animal oils and rongh nsage. 

"Leather belts, soft and pliable, have three times the ilri ring power that 
they have when dry and hnalsy." 

"When a leather belt gets foil of machinery oil or tallow, it loses its 
gripping piwer. For this reason, aa well aabecanaeneBt's-fbot oil, tallow, sperm 
and lard oil tend to rot a belt, nothing bnt eaatot oil should he used to make 
it pliable, and the drippings from bearings should not be allowed to get on it. 

' ' In saw mills, planing mills and flour mOts, the line dnst with which the 
air ia filled closes np the pores of the leather belts, rendering them hard, 
beaides lessening their driving power. 

"Printers have a bad triek of using printers' ink to give a slipping belt 
more grip, but this is only a momentary relief, and very soon the surface gets 
more glazed than before. Rosin, oil and mica, and rosin, oil and talc, are 
recommended by some persons who do not know mnch concerning what they 
are talking about; for mica and talc are rnde lubricants themselves, and Bueh 
a compound will not give increased pliability because of the mineral matter 
which it contains, and will in many ways do a belt more harm than good. 
Castor oil is the best thing to pnt on l>cltft, as it makes and keeps them 
pliable, increasing their grip and preventing their being gnawed by rats. 

"A belt will mn towanl the ends of the shaft that are nearest together, 
whether the shafts be in the same hurizontoL or vertical plane. 



COTTON BELTING, 

" If two straieht-Giced pulleys a 
plane but not pantltel, tbe belt will 
Dearer topether. 

" If o{ two parallel sballe lying in the same plane, the right-hnnd cod of 
one anil the lelt^himd end of tbe other be raigod enaolly, the belt will tend to 
run toward the middle of the shafts. '' 

" Pnt two tmrraw belts on a pair of crowning pulleys havinj; parallel 
shafts, and both will ran toward the centre of the cmwu and I'rowd together. 
One will finally climb atop of the other, and in that position they will pvt< 
no further trouble. " (See Art. 108. ) 

"Leather belts weigh, when new, about 60 pounds per cubic feet, and 
increase in weight with af^." 

" No ciroular saw (e^tcept a cross-cnt) ahonld be driven by a belt which is 
in width less than one-third the saw's diameter, and the poUey should be at 
least of the sauic diameter as the belt width. Croas-cnt saw beltH may be 
one-lburth the saw's diameteT in width." 



COTTON' BELTIKO. 

S1&, " The pfoblem of the economical transmission of power is one that 

IWH engaged the thoughts of many, and it is not surprising that nianj plans 

iwe put fbrward fur patronage. 

"Speaking with especial reference to the requirements of mill owners, the 

ransuiiwioa may, broadly stated, be said to resolve themselTcs 

B of two classes, belting or glaring. As regards the latter, we clearly 

)t expect inventors to do much more for it; the princ'iple itself has been 

tftelbre tbe world for centuries, and if gearing, so called, works better now 

D in the days of Tubal Cain, it is only because it is more corret'tly propor- 

1, and littcd together with more careful workmanship. 
" TbuB it is, that almost every novel scheme which now claims favor, belongs 
to tbe family of belting; and here again it becomes very apparent that invent- 
e confined, by the very conditions of the case, between very narrow 
imita. It is evident they cannot alter the two pulleys, the driver and the 
bdv^ and ao mediunin for connei^ting them absorb all their energies. For 
rpoee some there are who, as per fable, believe " there is nothing like 
;' others pin their laith, and there are many converts thereto, on ropes; 
ftiasn article in the belief of many, that india-rubber, with a canvas core, 
ll the thing to use; a few ran he found who, for spe<'ial purposee, employ 
»-peTcha; wbUe in some quarters belting made from layers of caavaa 
n together with wire or waxed twine meets with favor. With this goodly 
ve yet another claimant in the shape of cotton-woven belting. 
le idea was originally an American one, but for some reason the belts made 
rt well received in this country; the cause being, we believe, that 



352 COTTON BELTINn. 

they fiayed on the edges, aad thnt the email amount of adhesion the cotton had 
for Uie meiallic BnrGicea of the ptlUcys necessitatecl imrldiig them veiy tightly. 

" Mr. AiUien, of HelmshoTe, near Manchtfster, while experim&oting OD a 
new cotton fahric, hitnpim one which hethooght would besnited.ofterproper 
trcntment, for betting. He has, accordingly, taken oat patents for the &hric, 
and for the process by which it ia maiie into belts; and he lately allowed as 
an opportunity of inspecting them and the mode of manufactnre. The lielts 
themselves are woven in a peculiar manner from doubled yams, and may be 
made of any length and size, from forty-eight inches wide and one-half inch 
thick. After being woven they are saturated with water and stretdied, and 
while still extended, they ate dried; in liict, the moistore is driven off by a 
drying cylinder in the process of stretching. The belta are now passed 
through a heated liquid preparation, somewhat resinoEs in its nature, with 
the object of giving them a degree of solidity, and the excess of the mixture 
is removed by passing the belts betweeti rollers, alter which tJiey are again 
allowed to diy. If required for the sake of appearance, they may now bo 
painted, but this is not recommended by the inventor. He asserts that after 
stretching them in the manner he does, the belts, when put to work, stretch, 
practically speaking, none at allj and esperience wonld seem to corroborate 
his statement, for the first experimental belC he made, over sixty feet long, 
did good work for over two years and a half before reqniring to be ' taken 
np.' After working some time, the wearing iaces of the l>elts obtain a 
smooth, finished appearance; and they work equally well crossed or open. 
There is not the slightest tendency to fray on the edges, for, as we onrselvea 
saw, s belt after baldening a little may be cut np the middle with a eircnlar 
saw, and the two narrow belts so made set to work again. 

"They mn with remarkable truth, having bnt one joint, and can do very 
heavy work, a three and a half-inch belt driving two throstle frames vrith 
4S0 spindles, another belt, two and a half inches wide, driving a scutcher- 
beater at 1600 Epm. ""--^ 

" For driving the rollers and clean-Ts of cardingenginea, where the belt has 
to work on each face, as well as to stand lieoding in several directions, they 
answer satisfiictorily; and this, in woolen carding engines is, on oecoautof the 
oil, a test of exceptional severity. The joint in the belt is niade in the 
oidinary way, by punching and lacing the two ends tj^gether, but if required, 
the connection may be made o spliced one and cemented. It is claimed for 
the material that it will do the work that any other kind will, and that It 
acts satdsfiictarily where some belta will fail, as, for instance, in wet places. In 
dye houses, and in .'*itnation8 where it is liable to be moistened by either 

"Mr. Altkeu expects to do a great deal with his belts for main driving 
pnrposes, and he has inquiries for some 48 inches wide. One of them, 3 feet 
wide, is at the Tumbee Paper Mills, Glossop, transmitting 300 indicated 
horse power, and at the same place there are six of 13 inches width, driving 
lines of shafting. A very important thii^ about cotton belting is its great 
tensile streogtb. We are assured that a belt 3 feet wide is capable of with- 
standing the enormous strain of seventy tons." 



PULLEYS AND BELTS. 

FXnXETS AlVD BELTS. 



I S20. "When a line of ahafting is to be driven from another line in a 
room above or below, the plauLng of the ahafla and pnlleys m ft. matter of no 
small annoyance to some, and a few words to the point maj be acceptable. 
One of the mosi important lactore to be looked to in locating a pnllej, is the 
(iiVfdion in which the pnlley will deliver the belt. When a, pulley once gets 
a lair bold it will ' paU ' Ibr all it is worth, bnt in order to get a fair bold, 
the belt mant be delivered in a proper manner frtim the other pnlley. Bearing 
this IB mind, then, tlie main thing to look to in placing shaHing for a 
' quarter-torn ' belt, ia the manner in which each polley deliveia the belt to 
its mate. The shafting must be perfectly level, and the pulleys, aa neat aa 
can be. of the same size. Then, if the centre of the deliceri'ag facta of each 
of the two palleys is brought to touch the same plnmb line, the belt will 
' track. ' in good shape. 

" Someone has said that idler pulleys are 'a poor excuse for poor engineer- 
ing, ' and, perhaps, with eoyof. j ustics. It is sometimes necessary to either 
carry a belt nnder a timber or cut away the timber, and the timber may be 
in a place that forbids the idea of iatrodueio^ an element of weakness. AU 
tliat remains, then, is to place a good-sized idler pulley bo as to steer the belt 
clear of the timber or other obstruction, even thongh it may be the ' tight ' 
side of the belt. There is certainly no very great objection to carrying long 
belts on idlers, or, uudcr some conditionx, employing an idler on the ' slack ' 
side of a belt to steady it and hold it to the pnlleys, or, where the belt is 
comparatively near the floor, to use idlers to loop it up, as it were, thus form- 
ing a passage way at a point that would otherwise be obstmcted. If a belt 
is overloaded, it is certainly very poor eagiaeering to endeavor to make it 
drive by forcing an idler hard down on ita back, and, before such an extreme 
is resorted to, it will surely be cheaper, in the end, to remodel the arrange- 
ment of the shaJling and place things In a more favorable position. 

"The transition from belting and idlers to pnlleys is both easy and 
natural. Pnlleys having come up for u word, the first idea that presents 
itself is, that we see by liir too many pulleys disproportionately small for the 
work they are expected) to do. A belt, to work to any advanti^e at all, must 
have high vdocify. To attain this, pnlleys of large diameter must be nsed. 
Hoise power, to use a conventional term, is a certain nnniber of 'footpounds' 
developed per minute; and as foot pounds are simply pounds of pressnre or 
strain multiplied by velocitry in feet, it follows that the greater the speed the 
lesB will be the required stmin to produce any certain horse power. This 
minimum of strain brings a few blessings with it, viz.: reduction to lowest 
terms of pressure on shafting, and consequent reduction of friction, both 
from direct prcaaure and from springing that would occur tinder heavier 
pressnro. The light pressure also prevents the oil from being forced out i^om 
between journal and bearing. The large pulley necessary to high belt speed 
preaenta a greatervalne of surface for holding the beltlo ils work, and thereby 
ir and (here the economy begins to appear J cheaper belt may be used. 
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INTS ON BELTING, SHAFTINQ AND PULLEYS 



"There are an almoat enillessnninbeT of conditions rwultiiig from the pnlley 
qttestioQ. Tbe writer has repeatedly witnessed the breaking of ahafting from 
excesBive cross Btrain caused by over-tight belta, and has seen tbe breaking 
prevented, oil saved, power gained, and repairs rendered unnecessary, by 
increasing the aizeof the pulleys. The shaft not only saffers, but the belting 
and lating come in for a share of afBii'tion. Where small pnlleya are used, 
and the belt ia as taut aa a 'fiddle string,' it is oft«n necessary to secure the 
ends of the belt by an over-lappinR patch, laced or riveted; whereas, by 
employing pn^ier-sized pulleys, the belt may be held by the onlinarj manner 
of lacing.'' 



FBACTICAL HINTS ON BELTING, SHAFTING 
AND PULLETS. 



221. "All shafting should be made to run perfectly true at the fiiat, for a 
Blight negligence in this matter at the outset becomes constantly mora serious 
the longer it ia allowed to go uneorrectediCaasing loss of power and the rapid 
destmctionof belts and raachinety. Thepalleys should be perfectly balanced 
and centered, and the circumference of both outer edges of the same pnlley 
most be exactly alike. The highest part or crown of the polley fUce being 
eiactly in the centre, the crown of the pulley &ec ahonld not exceed J of 
an inch in length above that at the edges, to every 13 inches in width, and 
experience has demonstrated that these are about the beet proportioiiate 
dimensions to secure the best miming BJid the greatest endurance of the 
belts; with the crown of the pulley lace higher than this, the tielt ia liable to 
be strained in the middle and lift off on its two edges, especially yrith light 
helte. Polleys for ahaitiiig belts should not be higher in the middle, but have 
a straight (ace, and pulleys and belting alike ahonld always be ample siz« for 
the work to be done. It is extremely bad policy to have belting and pulleys 
only just lai^ enough to do the ordinaiy work which is expected of them, 
for when they are made a little longer than amply sufficient they wear a veiy 
much longer time, and are certain to do tbe work with the minimum of 
&iction. 

sihble beltiits. 

"Single belts may be used, with economy, as wide as 19 inches, but where 
greater widtb is required they should be of double thickness. All belts, 8 
inches wide and more, are cut out of the hide lengthwise of the back. This 
is necessary to insure their numing straight. A wide \>e\t ma<ie of leather 
cnt fiom the side, cannot, with the greatest care, be made to run evenly, on 
account of the differences in the tensile strength of the diiFerent portions of 
the hide; but a wide belt, made from the centre of the back, baa tbe same 
thickness and quality of leather on each side and must necessarily run evenly, 
ttie lightest and weakest parts of the lcn.ther being in the middle, uid the 
strongest and heaviest on the sides, the diiference in thickness amonnting, in 
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I cases, to as rnnrh lis one-lbarttt of an inch; for this rexeon, wheu a wide, 
mngle Ix^lt ia plu.-ctl under a heavy stcain, the thick, heavy edge crowds np 
towftid the wjotre, or lighter part, mnning on the crown of the pulley, and 
this prevents the cvon, uuifomi hug, so essential where the best results are 

' ' Doable belta are stifTer and better able to resist the tendency to cap in 
the middle, to crowd up from the edges, na they genendly hug the pulley 
closely along the whole width. There are those who hold that the single 
belt, being inoro flexible, adheres better to the ptdJey, but this is iiirrett only 
in coses where thoy are anttjected to bat a modemte stiain. Wliero an inch 
single belt has to do heavy work, it will he olmiist certain to strotch, lift up 
fann. the pulley In the middle, or the tbsteoings give way, whether they be of 
liiee hooka or otherwise, therefore, where a single belt most be nsed, it should 
be of ample width (or the labor to be performed, and not run too tight on the 
pulleys, ao that the fastenings need not he strained. When the foNteaiugs 
frequently give out, it i.i a sure sign that too much wocli is being done by the 
belt, and either a wider single belt or a double lieit should be sul)stitDted. 
For machinery which is run at a high mte of epeed, and where fine work is 
done, light even lielts with joints only cemented ahiiuld be used. Such joints 
■will pass over the pulleys smoothly, causing no jar or vibration to either 
pulleys or flhafting. 

DOTFBLE BELTIHa, 

" Doable belting Hboold always be nsed when a slow motion, great strain 
and hard labor are reqaired; also when a belt ia to be mn at one-quarter turn, 
«>BStogivetheprt)pcraugular motion, the priticipal Htrainin these cjises being 
on the sides. Bella which have to be constantly ahilted, or those which are 
mn on upright shatts with flanged pulleys, should also be double. Whero 
wide belta iire made double, they may be sulyected (o severe strain without 
iqjnty, for there must always he ono strong, solid part to the leather to cover 
every point of possible weakness or where the ends are lappe<l ia breaking 
joints. For commoo work, in both single and double beltLng, cemented and 
p^ed Itelta are good. It should not be forgotten in ordering bells, that one 
wide l)elt is better than two narrow ones, even if the two narrow belts wotild, 
together, imver more Biirfoce than the one wide one. It is very poor engineer- 
ing tudrivo a machine \vith two separate belts on one or two pairs of pulleys, 
when the pulleys are of exactly the same dimensions, which is seldom the 
case. The belts cannot be made so entirely even bnt what one will sometimes 
pnll and the other slip, or one in some way be continuaUy r unni ng last«r 
than the other. 

BELTIHfl 7TILLETS. 

"Putting belta on pulleys colls for special care. Both ends must be 
perfectly square before joining, and when the belts are more than 4 inches 
wide they should be pot on with clamps. Belting should be run flesh side 
to the pulley, the hair or grain side oat, it being more practical to ran belta 
in this way, aa the grain side ia more elastic than the flesh side and will stand 
more binding, bnt it being more tender than the flesh side, it is apt to bum 
by the slipping of the same. 



HOW TO PUT OH A BELT. 

" Never place a helt on ii pnlley in motion. Always place it flrat oi 
loose pulliyy, or the pulley at rcat; then mn it on the pnlley ir 
the belt is very heavy and the pulley rana at a very high speeil, it is adviaaW* 
to Black the speed, but whfu this is impracticuhle or inconvenient, c 
be taken to mount the belt on the exact Gice; the person engaged in so doini 
must have a firm footing and prevent his clothes 1; 
either with the belt or pnlley or shaft. When the belt 19 heavy and t 
location snch that it ia impossible to get a solid. Iboting and exert atrength i] 
running on the belt, it is best to shut off the power and moont the belt on tl 
pulley ati fiiT sM possible, then take a small band, double tt, slip one e 
throQgh the anna of the pulley and around the belt and rim of the pnlley, a 
the other end through the loop formed by the donble of the i)and, tben si 
on the flooron the opposite side and draw on the band, when the bell will b 
hugged to the periphery of the pnlley. When moUoQ is eommnnicated 1| 
may be slipped on without any trouble, while by letting go the end of tl 
bund when the belt is on the pnlley, the noose will be undone and the b 
willbeftee." 



SHUITZ BELTING. 

222, Mr. James Gomett, manager of the Shultz Beltiag Co., s> 
a table of leMM mode by Prof Horace B. (Jale, Washington Uatvetsity, ( 
1887, of the strength of rivetoi laps in Hingle leather beltingof the Shnl 

The first five testa were of the Shnltz solid leather, and show 
breaking strength of 4953 lbs. per sqnnre inch. 



Shnltz' single leather bell^ f 



Glue and riveted lap joint.... 



" IhiUed Leather" belting, by theShnltz process, aecnres impervionsnem! 
climatic inflnences and complete pliability. It therefore p 
' ' grip ' ' than the ordinary oak-tanned belting, ax proven by Mr. Grinisbmi 
Cerldfied tests. 




LEATHER LINK BELT 

irimente Hhotv the relative Htrengths of the i 
Single iia,k-tamj«l. 3} wide, biolce 

Single fulled leather, " " 



nt leaO lbs. 
" 2510 " 

"2700 " 



TASTEimrG BELTS, 

^' Many good methods of fnatening the ends of bclla ace n 



; but 



ladngis generally employed. It is Ueiible, like the l>elt, HUdraoBnoiselesBlf 
over the pulley. 

" In pnnching a. belt for lociDg, use an uval punch, the longer diameter of 
the punch being parallel with the BideH of the belt. Punch two rows of holes 
in each end, placed z\g-!cag. In a S-ineb belt there Bhould bo fonr holes in 
each end — two in each row. In a 6-inch belt, seven holes — four in the row 
nearest the end. A 10-inch belt should have nine holes. The edget< of the 
hales sbonld not come nearer than j of an inch to the sides nor | of an inch 
to the ends of the belt. The isecond lOw should be nt least IJ inches Irom 
the end. On wide belts thcae diatjmcea should be even a little greater. 

" B^n to lace in the centre of the belt, and take care to keep the ends 
exactly in line, and to lace both sides nith equal tightness. The lacing 
should not be crossed on the side of the belt that runs next the pnlley. In 
taking up bells, observe the same rules as in pntdog on new ones." (See Art. 
144.) 



XEATHER LINE BELTING, FOR ALL ELEC- 
TRICAL PURPOSES, AND OTHER HIGH-SPEED 
MACHINERT. 



. IBESON, BOSTON, MASS. 

223. "Electric motors and dynamosdemandof belting the higher qooJi- 
"tiea of flexihiliij, strength and uniformity of structure. The pulleys are 
Tisuaily small, thespeedishigh, and the motion mnat be practically uuTorytng. 

"The quabty of flexibility transveraely of its length is a necessity, and is 
■»*adily given by dividing the belt into short links, which are joined together 
^t a distance of about 1 inch between the joints; and these links being made 
a.boot as wide as the thickness of a double or a treble belt, are practically as 
Strong as the two or three thictneaaes of leather which they represent, and 
^vhUe they are almost perfectly rigid each by itself, when strung upon the 
Wires which make the hinge joints transversely of the run of the belt, they 
Isake a belt much more flexible transversely of its length thou it would be 
possible for a double riveted or cemented belt to be, or even than a heavy 
Single belt. Hence, very little power ia sueh a belt as this is wasted in bend- 
ing the belt around the pulley. 

" Bach a, link belt as has been described wotild, however, require a pulley 
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LEATHER LINK BELTING 



idlhimt a croicning face and with JIangei to keep the belt from rnnning off. 
Thia disadTonti^fe of link belting prevented it from being adopted on 
mnchinery generally until Btrongand flexiblo belts become essential condi- 
tiona for the iotJodnction of the electric generator and motor with dne regard 
to economy. The flanged pnlley is pnrticnlarly disadTantageons in qnick- 
raimlog mathinery becanse of the liability to edge friction between the belt 



FlQ. 




and the flange, and hence it has become essential to adapt the leather-link 
belt to the crowning pulley, eo that it Bhail constantly centre itself upon the 
pulley in running, an the onlinary belting centres itself. 

"Thedeviceby which this result is Bccomplished is simple, and consists in 
making the belting in two or more longitudinal nectiona hinged together hy 
their edges. If made in two sections, the hinge rides over the crown of an 




ordinary pulley termed 'high.' If, however, n ronnd-fat«d pnlley be n 
or the belt ia of great width, it is oanally better to make the belting in a 
than two sei^tious, and give it more than one set of longitudinal hinges. By I 
thus furnishing the belting with a series of longitudinal hinges tbe belt 1 
adapts itself io the rounded crown of the pnlley. 

"Fig. 67 shows a link belt, without longitudinal hinges, riding upon, the J 
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,wn of the pnlley, and Fig. SH sbQWB ii lielt hinged its whole Irniitli, pei^ 
mitting Ml contact. 

" Wc have, then, n beltiDg wbiph is practically na strong na a donbic-riveted 
or cemented bolt, whith has the same amonnt of fiictional Borfiiee as an 
ordinary belt of the name vddth, whidi us*s for ita contw;t surlace the edge 
of the leather, -which iamnch less liable to alip than the HurtBce of the leather, 
on account of the fine velvet surface which is in contact with the inm. And 
conseqaence of the fiict that the belt is intjih heavier than the ordinary 
belt, a degree of slack may be pven to the foUowing side of the belt, which 
I enables it to lap the small pulley on which it runs, and tfaua obtain a ftictiiHi 




' wiT&ce on that pntley very much larger than where a tight belt is vaed, thna 
fleliveiing lo the operative part of the raacliine a much greater proportion of 
■the power of the motor than where the contact suiface between the pulley 
L and belt is smaller. 

It was at first thought that these belts would be useful only on slow- 
! Tniuilng machines, but experieace has shown that they are far more desirable 
n machinery that runs at high velocity. 

"The links mnst lie made fWim the very best of belt leather in order to 

ave them all of practically uniform quality. Every attempt to use shoe- 

L taker's stock or inferior parta of belt leather has shown that a thoroughly 



LEATHER LINK BELTIHU. 



reliable belt cannot be obtained if tliia eciioomy in maiurial ia practiced . As 
a result, these belta ure net'essarily of high mat, but the eiperieuce which has 
been had witli them iu Eiigland iudicates that their durability is consider- 
abij greater than that of beita of the same delivery power made in tha 




ordinary way, pajlicularly if snch oniiniiry hrlta :ir< 
which case their Htiffaeas is a coustant souree of desl 
much aggravated when they are mu upon small pulleys. 

' ' Fig. 89 shows the link belt adapted to the quaTter'tnm driving. 



LEATHER LINK BELTING, 6bl 

" It is obvioua tliat tbp interstices of this belt prerent ahaolntely the for- 

mation of ' air cDshioDs ' between tho belt and pulley, and secure thereby 

perfe(.-t belt oontwt. Tho dimmished tension employed is a great relief to 

the lieanngs of the mucbinery, und also lessens the destructive stnuns cm the 

bell, allowing art partn of Ue belt lo regl when they are on tho following side. 

[ The greater compniative weight of thia belt causes it M act as a fly-wheel or 

t T^gaiaUiT of the machinery, anil thus giTe greutor steodinesa to the work. 

oaequeare of the diminished tenaioa allowable with this belt, it does not 

L i»qnire re-«iijuBtment when the leather is affected by dampness or heut, as it 

I practically takes up its own shwk and mtuuinlates it all on tJie following 

' ride of the bell" 

The testimony of Mr, E, Q. Woodbury, of Boston. Sept. 19th, 1887, refer. 
ring to the belts shown in Pig. 90; — 

" The belt, when ruunin);, is entirely free from vibratory inovementa, and 
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"The shoTt distiince between engine and dynamo, which could i 
I taereaaed, made the pcrfomtaucc of thia belt especially wonderful. 
" Data for belt used and conditions of use; — 

8" self-adjusting link belt conTeying 25 H. P. 

Length of belt in feet 30J 

Diameter of fly-wheel in inches 62 

Diameter of dynamo pulley in inches llj 

Rpm. of engine 260 

lipm. of dynamo 1400 

Speed of belt in Fpm 4220 

Distance in feet between ahufte 10} 



[ICK BELTS ON SMALL PULLEYS. 



p; it makes no nol 
it effects a saving l 



Another testimonial gBys: "The belt does doIe 
readily taken up; the dynamo bearings run cooler 
it rans slack; has uo vihration and drives without excessive Btmin." 

Fig. 81 presents a, top-soiface view of the links composing the entire body 
of tbe belt^ and the central hinge which gives the belt longitadinal adapta- 
tion to the crown, which, to anit this belt best, shoold be fonned by two cones, 
hase to base, which, by the way, is the beat form for the normal flat-leather 
belt, and, at the same time, most economical of conatniction. 



THICK BELTS ON SMALL PULLEYS. 

iiZ4:. The cliange that Is contiunally going an in thick belts, especiaUy 
when pasang over small pulleys, may be shown by secaring to each side of a 
thin, inextensible belt n continnoos row of incumprcBBible blocks shaped as in 
Fig. 92. 

Fie.«L 




The compressioi - face is shown by tbe neceesary rcdnction 

of the inside blocl fhing of the ontei face by the partuig of the 

blocks of the oataide row while passing over tbe pulley. 



ELLINGTOS 
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BOUGH CALCULATION OF THE SIZE OF BELTS. 

'i9S' iDsgieat nway cases in practice, the belt piu1iTace9)al>i>otu.4 of the 
ciTCumferei>c« oi the pnlle; on which it is motrt ILihlc to slip (that is, the pnltoj 
faftvin^ the smaller arc of contact I, and the co-effiiient of friction is at leant 
0.3. Then,-ii^ = 2. When thlA is the case, the following sinipie rnlis may 

beiised^ 550 h 

Dnring force = P = — — - 

<^eBtc8t tension = T, = 2 P 

Initial tension = T, = IJ P 

Width of belt = W = IS. 



THE WELLHrOTOH BELT HOLDER. 

9?S< The device pnar-nted here for holding a belt at mn wben the 
machine is not reijaired to be in motion, is a sen** of mllera taminj; in iroo 
»xles, wbieb are sDppart«d at both ewla in a ntnmK frame and armtKed in a 
carved line, so that moat of them shall be lerel with the tace of tbe driTing 
pijlej- on tbe line ahaR, beside which it is placed, ho that tbe belt can be 
eagil; thrown Irom tbe driving pnlley od to it; or from it faock to tbe pollejr 
at will by tbe hand of with a stick or any cmvenient ibifting contriTanee^ 
The bolder is snpported paiallel with and close to tlie driring faUtj bj tiw 
braces ot bangera. and dots out toDch tbe pnlle; nor the ^aft. In tbe 
engraving tbe bolder i« in positwo beside tbe working polley on tbe line 
shaft, and shows the end on to which tbe belt is shifted, and nnnaina still and 
slack when not in nae. Tbe adTatitagei claimed are that it saica tbe belt 
and the wear and heating of tbe loose polleTS, which ia leir-endeDt fran tbe 
&ct that the; work oolj when the macUoe tbey drive wotka. As it keep* 
tbe belt in nearly the same pntition as when at work, it enablts the ■bifting 
to be done with ease and safetr. Tbe rod of tbe bolder bring cttt off more M 
leas according to drcnmatancta, makes tbe diatance amend it lea* tlian the 
distance aroand tbe driTing pnlley. Tberefiiiv, when the belt la on, it Hm 
loosely, relieves the tenwia aCHl eiuMea belt* h> be laud at any time, wtaeh 
cannot be done wbUe tbey ran over Iwk poUeyi. W. U. HHitley A Co., 
Wellington, Obio, are the maonbctnrera. 



AH EFFECTIVE BELT HOLDER. 

devised a belt hobler. and pnl it in n«e in Die jau IWO, to the 

of Bt^dL BonlMll ft Wan). Port ChMter, N. Y. ft eonMed 

, , in the pollry fr"m ^i<ifi> the brft ia 

o be lilted, cmtend aad tominK nptm the bancer brriM, In wbieb tiM nbaA 

-ana, coe on eacJi «de tt Ibe pall^. Tlnm^ boUa drtllcil ta Iht wefaa «( 

tbe rims, iaade tiN teeth, iara mda wcm raa — mw lvrty and«r tlw lidL m 

or wheilawem evenly tamwdW* hand enak ■Ml, canTl*K pi»"* 

eeanugmtotbetwnipar wIhcI). ifcemtaJortctcMnd tht tnUf mdarm t€ 

tbe mtl^ ; tbe belt waa Hftad froM tb« paOiy tif theae mda, aa* wbm. mf. 

, tair (k dfde waa UM wHb rmI^ Ibe Wt waa mkcd ekMoTlba pi^tW, 

1t k7 aawthw tantor. pumlttiaff Iha b»)t Uttlmnd Mm. 

' - - - It U pnvlt of it* baiRC nimd bom Aa 
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METHOD OF LACING. 

BATING Atm GEABXSQ COMPARED. 

237. A French writer on the eubject of belts, as tompuroil with toothed 
gearing, aaya: " In regard to the rebitive frietjon with belts or cords and 
with toothed gearing, it ia that, theoretically, the advantage is always n 
or less on the side of belts or cords; while a practical confinnBtion of this 
conclusion is fnmished by the instance of a spinning mill, in which toothed 
gearing driving 18,000 spindles was replaced by belts, with a saving of 20 per 
1 friction, or 3J per cent, on the effective driiing power transmitted; 
s clo belts cnnse more friction than tixithed gearing." 



WIRE COIL BELTIKO. 

228. Spirally coiled wiremnning in grooved pnlleyssaine as round belts 
or cotdB, makes a belt, it ia said, cheaper, more damble, and is not affetteil 
by water, nil, steam or weather. Its elasticity in every direction makes it 
tranamit power aronnd corners and nnder conditions verynafavorable 
to the nse of ordinary lielting. It is called the " Perpetual Tension Pro- 
pelling Belt," the invention of Colonel Gear, 



KETEOD OF LACING. 

229, "I never put on a belt nnless it has been stretched for several 
days, by listening atone end and pui»iiig it 1)ack and forth over roUs between 
two upright beams. This gives me a good chance to draw it taut, and keep 
it tight by weigbte, aad gives me all other room I want to oil and dry and 
ejipose to the air. When thin belt is cut and laced on the pulleys, you won't 
find the machine atop the next day, and two or tlires at work taking ap tluB 
belt where the rest have a few stories to t«Il. My way of lacing is a little 
different from that which ia generally nsed. The difference is not iu the 
method, but in the way it is prodneed. The lacing is drawn in to stay and 
not to come out the next day. I cut the holes small, and trim tip the ends 
of the toeing with a long point, and draw them thniugli with afarked tool. 
One end of this pointed lace Teaches through the belt and into a fork, which 
ia turned by mrainH of a cmnk. Alter one-half turn of the fork the lace will 
bite its own end and will be easily drawn through the belt and up as solid as 
you chouse. For large belts, I usually commence on each edge to sew. By 
working &om the middle of each loee I find in this way four ends to manage, 
and it gives me a good chance to pass them all Irom one side to the other 
while moving about with the drawing-in fork. This fork sets the lace np so 
eolid that the ends of the belt will always be foond compressed, nn matter 
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how fant the belt may be. The Ton* of the belt will be Inken Ibrongh this 
joint nitbout ilisturhiiiK tbe lacing iu the lea«t. It is uU nwly under a t«D- 
sioD and knows no differewe to a light luid henvy gtrain. If th^re is any one 
who has biieu obliged lu draw in tbe Iwing with hia l<^h, Jost look around 
for 41 piece of pifie or anythiDg, fix up a I'ock aud try it, '' 



BELT OUIDE. 

230. Mr. W. W. Corbett, of Loodon. Eiigland, has invented a, frietion- 
letB belt guide, the special feature of which j^ that it protects both belt n&d 
guide tbrk by the use of glazed porcelain linings secnred to the shifting 
device againat which the edgi* of the belta run, thna greatly prolonging the 
liie of both belt and guide. 



BELTS ON PULLEY CONES. 

351. " The tendency of a belt to run to tht- hij^lipst part of pulley eones 
may be overcome by wtting one cone pulley or the other along ou the shaft 
till tha belt will travel in the retfuired path. " 



FOBCE TO SHIFT A BELT. 

232. Rule for finding the force in pounds netxesBry to ebift u belt &om a 
&Bt to a loose pulley: — 

" The distance between the sfaafl centres shall be at least equal to 30 
tJmes the width of the belt, the velocity of the belt at least 3.28 feet per 
wcond, and the conditions of mnnlng such as ordinarily obtain in practice. 

"Multiply the breadth of the belt ia inches by 1.653 lor the Ibrce in 
pounds." — H. L'eaut^, in Le Ginie Civil. 



PEWORATED PULLETS. 

233. In Msnchesler, Eoglond, the Shepherd's patent perforated pulleys 
are made and used iu great numbers. Perfect driving is ftirnished at leM 
cost and the slipping of belta is prevented. The rims are of thin sheet metal 
riddled with holea. (See Art. 194.) 



dbb ECONOMY IN BELT TIGHTENERS. 

LAFFINa BELTS. 

23-i. In the patent belting of C. Otto Gehrekens, of Hambnrg, two or 
more narrow belta are lapped on one another like sMnglea on a roof. The 
upper strip lUiys partly on the second one and the aecond one on the third, 
like stepe. This uictliod fuvoN tbe nss of lmlf-«rossed belting, nill uot Imrst 
on one edge, and answers well for eone-pulley driving; crossing the belt 
reveises the angle of the bearing face and fits the cone. The number, thick- 
ness aM width of the different layers of the belt are conditional to the 
declivity of the cone. 



WALRUS-SEIN BELTING. 

235- " An exchange says u specimen of gigantic machine belting pro- 
duced from the skin of the walrus or sea hoise has recently been exhibited 
in London by tlie manufactorer, and excited much attention and interest. It 
is stated, in fact, that this belting cannot bo equaled by any yet introduced 
fbr Btrength and durability in the case of heavy work, when used upon large 
diunjs, such aa main driving and similar rc<|uirements. The tbickncns of the 
walroa hide is from J lo IJ inch, so that belts of such substance can be 
luade of solid leather, and the fibres thereof being longer than any other hide 
used in the making, it presents the valuable advantage of being remarkably 
tough, and consequently very lasting. The employment of this material in 
the way named is, of course, not a new resort, but ite importance has only 
been slightly realized. It is well known that in ordinary double belting a 
great strain takes place on the outside tap of the belt, which, of contse, can- 
not be the case with the walrus-hide belt, owing to its being of one thickneBs 
only; it is remaJked, moreover, that they run very slack, and do not require 
to be worked veiy tigtot, as aome bells do. Indeed, such ia the bight on the 
drum that a 14-ineh belt 90 feet long will drive ](M) horse power with ease." 
— ITeafem JtfanH/acfurer, Chicago, September, 1877. 



ECOirOIIY IN THE USE OE BELT TieETEKEBS. 

230' " Many tightener pulleys are plated near the driven piilli'js. 1 get 
best resolts by placing them near the driving wheel. Tbe reusim is that the 
most slack place in a belt is where it leaves the driving pulley. Place a tight 
tightener tliere and it will take up the slack, prevent the wave or vibtnting 
motion, which leaves no opportunity for airrollers, andalsocansesno onnec^s- 
Baiy strain on belt or bearings. True, there is less belt contact, but it is also 
true that the belt does not vibrate; therefore, is less liable to slip, which mora 
than compensates Ibr the loss of belt contact. 



BELT C LA MPS. 

" A case in minii is the using of a 4-iiich belt, 30 1'eet long, and a jiulley 4j 
incbes diameter, driving an exhaust Ian which yraa to make S500 ti 
minuta. The tiRhtener wns »t driven pulley; wdght on belt. 25 lbs, Thu 
helt was worn rapidly, boxes were hot and motion of fan nnateady, doing 
bad Kervire, The tightener was moved to driving pnlley, and the weight on 
belt rndared to S lbs., when the fiiu rnn steadily, with boxes cool. One belt 
huts Wen in coostmt use two yeiirs, and is good for several years m 

T. H. J. 



EFFECT OF CENTEIFUOAL FORCE. 

237- '' In running at very hinh speeds with very soiiill pulleys, there 
■eema to be a special dif&tulty, 1 remember on 
12-inch double belt over a OO-ineb pulley IkIow running 300 revolutions, and 
over a 30-iach pulley perhaps 13 or 15 feet from it and direetly above it. In 
this uwe, lor a large portion of the way aninnd the pnlley, by holding a light 
on the lUrther side of it, yon coald see the light between the pnlley and the 
ielt, notwithstanding that the belt wiw drawn «p pretty tight before oom- 
. ttencing lo mn it. It may have been partly duo to the stiffness of the belt. 
It may have been partly the eeutrifugal forte of it — it undonbtedly wus; and 
it is also claimed that a wide belt will carry a film of air between the belt 
Wid the pulley. It 1:4 a thing about whieh I would be glad to know n^ 

C. S. Button. 



TESTS OF BELTS. 

XSS. For "Teeta of Double Raw-Hide Belts," made by Mr. John E. 
I'^Ueary, and recorded in Jburn. Frank. Inst, for Sept, 1882, p. 17l), in which 
IB of 35 and 50 llw. per inch of belt width on a 36" new wooden piil- 
, Hie belts embracing 180° of contact, grain side next to palley, gave 

itively grips of 200 and 460 lbs. 
Tbeae belts, althoogh called raw hide, are " semi-tanned and fulled," and 
s show the need of knowing tbe material of a belt and the eondi- 
i nse before an exact rule of its driving capaeity tan be formuiuted. 



BELT CLAHFS. 

V- 939t In the nse of belt clamps, a r^stering deviue shonld be employed 
r Id indicate with certainty the nomber of pounds stress put upon the belt at 
" " le of lacing. 



968 BKEAKINQ STRAIN. 

EXAMPLE. 

240. A. aingle leather l)elt 18" wide running &om a 10' diameter driv- 
ing pulley ou to a 30" rereiving pulley, the abaft of winch ia 13'^" hori- 
zontally away utid 6''-9" above the ahaft of the other— the top fold slack. 

This belt has been in use 10 years, taking at times all the power given by 
a 15" cyl. 36" stroke engine nnder 80 lbs, of steam and turning 50 Rpnx 

This belt was first coated with tanner's dabbing, and afterward, (rom time 
to finie, with ordinary lubricating oil, until the driving surface became plastic, 
bnt not sticky, black and shining, like an ebony polish, yet yieldiug ae 
rubber. 

In this belt we have, estimating the power at GO hotse power — 
31.4 X 50 X Ij , 



60 



lbs. si 



□' per minute per hoiBe power; 1570 Fpm. and 70 
a each inch of width. 



BELTING OF GtJT. 

241. Mnch attantion has been paid receutly to ths rendering of belt 
leather more pliable and of lessening ita tendency to stretching. 

" A good material for smaller belts, and for strings and bands for connect- 
ii^ larger ones, Lb that recently patented by Vomberger, of which the gut of 
cattle is the basis. 

" They are, by his process, rendered pliable, and can be used for stitching 
the leather ends of lai^r belts." 



DIBECT APPLICATION. 

34:2, " Half-inch holes in cast and wrought iii»n may be ilrilled by a a" 
belt running on a 6" pulley 6c<:ured to the drill spindle." 



BREAKING STRAIN. 

243. The Messrs. Richanlson (England) found the breaking stnunto 
average over 1000 lbs. per inch of width of aingle thickness of leaUwr, m 
proven by their testing machine. 



CONE-FUIXEY SHIFTEBS. 

S4d. Shifters for i»n»-pu1ley belts are satxreasfiilly itiodH by Die N[les 
'Fool Works and nuiuerouHly used, conHisting €»seDtial1y of a, shifter rod, ooe 
«nd of which eocirrles the iMilt, the other slides through a smiket at right 
angles to and secured to a Hhon, which may bv niude of gas pipe, erected 
about pamUel to the belt iiod provided with a baud lever, by which it can he 
given safficient rotation to shift the lielt from one pulley of the cone to anj 
other, the shifter nxl sliding tninsveraoly ta tlje right, as the conca require. 



li4S. 



I aphc 



THE WAT TO RUN A BELT. 

with regard to the 
; belt ou so that the 
aud ucit agniasi the 



Is there a right auil u wron^ way to r 
The general answer ti> tbis question ia 
slipping on the face of the belt^ shall 



eplicea. 

But if the belt slip on both pulleys of a belted puir, then there can be no 
difiterente which way the spliees of tlie belt lie, for the motion of one pulley 
will be against and the other with the spHceii. This is true, but this state of 
the case does not often happeuj there will mostly be conditions which will 

I fivor slippage on one of the pulleys, und when this is known, put the belt on 

I to Buit thia i-ondition. 

In the cases where there is no slipping, if the driving pulley act fiivoiahly 
m the splices, then the driven pulley is ftnre ta be against them, and so there 
ia really nothing in the advice directing the way a belt should be ran, except 

I 1b the 



GLASS PULLETS. 

pulleys are mode of extra strong and longh glass for wire ropes and 
run in, and ore very lasting. They cost rather more tluui metal, but 



u the end are cheaper. 



BELTS FOB DTNAUOS. 



7. "It has been found by electridana. both theorists and thoao prao- 
□ the business (particularly the latter), tllat in order to secure nniform 
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resnlts in driving electric dynaniiW, tbere should not only Iw an engine built 
expressly for the purpose, but also [*p 6eH ehould be made trpre»»ly for that pur- 
poae. Our dyniuno belt exaetly meets this demand. We make it both single 
and double, and every belt is earefully tested; but lor the beirt results, we 
recoraraend the double. This is made of very choice leather, thoroughly 
atrctched, made of nnilbrm thickness throngfaont, so as to run with perfect 
steadinias. It is water-proofed and wire sewed. It is not heavy enough to 
prevent its clinging closely to the pulleys, and making a good strong drive ; yet 
it Is heavy enough to ruD vrith a minimum of 'snap' or vibration. For 
driving electric dynamos, an oniinary belt should never be used. Always 
pacchoHe a belt made expressly for the purpose. 

" If tbe belts are to be endle^ tliey should be put on and drawn together 
by ' belt clampe ' made for tbe purpose. If the belt is hade rkdlesh at the 
6eK factory, il nkimld. necer be run on to the pallega, leet tbe irTtgular strain spring 
the bell. Lift ont one shall, place the belt on the pulleys, and force the shaft 
back into place. 

" Do not allow oil to drip upon the belts,. It destroys the life of the leather. 

" Leather fielHng cannot safely stand above 110° of heat, 

' ' Wherever there ia diaaatiBfactinn in the working of a belt, the matter 
shonid be token promptly and vigoitiualy in hand, as generally, when the real 
facts are ascertained, it will be found that the trouble is not with the belt 
iteeir, but is on accoont of overwork, or some irregularity in the machinery." 

EEBCDIE8 BAW HIDE. 

"This belt is particularly adapM-d to use where afltrong, flexible belt is 
required, and where the belt runs at very high speed, such as driving planers, 
and alxo for taper cone belts, race belt«, atripper bells, etc., in factories. It 
works well in high-speeded wood-working machinery. It reaists the action 
of steam and water lo a high degree; and in many places where a little water 
dripping fo)m lumber, oa in tbe case of a planer, would quickly ruiu a tanned | 

r L ^ c cj 

belt, this belt is fouml to aaswer well. In every place where a raw-hide belt 
is required, this gives satialaction. It ia tanned a little upon the surface, 
and the inner portion is treated the same as our Hercules lacing, bg apurely 
mechanieal proceaa, so ns to produce a verystrong yet pliable belt. It is 'shMt 
lap;' we wire sew it, thua, and careftjlly teat every belt betbre sending it from , 



Karl Von Ott, in Proo, Inst. Civ, Eng., London, Vol. xtT., p. 269, s&ya : 
— Wet ropes lose 25% of their strength. Taking eveiything into con- I 
Bideration, the strength of a rope varies between Till lbs. and 11,378 lbs. per j 
O"- Assuming one-sixth of the above aa a safe load, say 1422 ll>s. per Q", 
which may be adopted as a basis, and granting the effective cross aection 
= -^ of the cireumsuribing circle ; therefore the bearing capacity of, gay P, 
of a rope, and d, diameter in inches, will be v — 

P = 0.9 '"a X d'X 3.1416 ^ loood' lbs. 



CEMENTS, DHE88INGS AND ADHESI' 
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BEtTS UNDER CENTBITtTOAL FORCE. 

248. Belts of leasl weif;ht per a<|ujir« I'wjt und Rrenlfst stn'QBth are 
affected least by ctntrilii^jl Suki;. 

Tbe effect of ceutrifugal foree Dpon a belt ia lo letaeu tJie stress on Uic pul- 
leys, iedU[« the preaeare apoD tlie shaft journals and remove tlierebj tbe 
tendency to heatint; of the bearing and boxea, as is proven hy i 
recoided eiperimentfi. 



CEMEDTS, DRESSINGS AND ADHDSTTES. 

2i9, " Animal oils hold acids wbicb are injnriousto leather. Xeat'a-Ibot 
oil, popniurly supposed lo he tbe best oil lor leather, will convert it into a 
tt«n pulp in a few weeks of satnnttion; other animal oils will have the 
meefibct." 

" Thompson's Belt Oil will moke belts sofl^ pliable and smooth snrfaced, 
penetratinf;, and, at the same time, preaerring the leather, and not ii^aring 
the cements which ore used \o make the joinings \ it sets tbe fibres, reduces 
the tendency to etretcliiug, and resieta in a notable degree the eflttt of 
dampness. 

" Belts treated witli this oil will mn in and out of doors, in ice houses and 
!a temperalnres of 160° to 175° Fah." 

TbFiuien Leather loa Ptdley. — "The question was asked, a few weeks ago, 
asto Ibe best way to fasten leather laid on to a pulley. I have a way tliat I 
[ tanto used for yeais. In the first pla<!e, if yonr pulley is an old one that has 
I Stm Ibr yeoiB, it is Teiy smooth, and in its present state it is hard to get any- 
y filing to hold t« it, so I should give it a coat of acetic add, which, in a short 
E time, mats the pnlley and gives it a very rough ttirfkce ; then I ahonld prepare 
meat consisting of 1 lb. fisli glue, ^ lb. commoa glue, well cooked in 
I alooliol Hid water. This preparation I have no trouble in making stick wiQi- 
it rivets. I now have a patley running laid in this way, without a rivet in 
E It, driving more than 75 horse power." 



.ddifwne. — "5 11». common tallow, \ lb. yellow wax, 2 lbs. common chalk, 
Kj lb. black lead, 1 lb. resin. Dissolve this together by gentle heat> pat upon 
B belt when slightly warm. Be sure and keep well stirred in the kettle 
r while applying it to the belt. Use a little at a time and &eqnently. My 
[perience with this has been very pleasant witli long practice, and I give it 
le preference over any other of the mixtures nsed." 

Lufirieanf for Ruliber Beltn. — "A German technical writer gives the foUow- 

\a a rubber lubricator for belts : Five parts of India rubber are cut fine 

1 melted together with five ports of turpentdne in an iron, well-covered 
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vessel ; tlieii add four porta of resin, stir well, melt, and add four parts of 
yellow wax, atimng eonstantly while melting. Thia mliture while warm is 
added, with coDstant stirring, to a melted mixtore of Bfteen parts of fiili oil 
and live parts of tullow, and the whole is iigitoted until it has congealed. 
The mass is applied to old belts upon both aides in a warm place, aad when 
the belta are in use, from time to lime on tlie inside." 

Qator Oil for Leather Belting, tfose, Etc. — " Conaideralile experience in the 
care of fire hose warranta us in recommending caator oil as the beat possible 
dressing for imparting flexibility and preserving the leather from rot and 
mould. While the generally reeomnionded neat's-foot oil becomes rancid 
alter awhile, castor oil remains sweet and nnverdigrised. The best method 
of application to hose is internally by means of a smaU force pump ; the 
sectiona lying in a drip troagh, which returns to the oil barrel or can the oil 
which baa passed through the pores or seams. This ayatem affords an excel- 
lent means of testing the hose. The oil should be slightly warmed, and m 
amail proportion of l>ecawax may be added." 

To leather belting, castor oil givea durability, flexibility, and Mnga without 
ghraag. 

For hamesa, shoes, etc., give the leather all the castor oil it will drink in. 

Bote do not gnaw castot-oiled leather. 

"Cement for Leather Beiling, — Take of common glne and American isinglass, 
equal parts; place them in a glue pot and add viater sufficient to just cover 
the whole. Let it eoak ten honra, then bring the whole to a bailing beat and 
add pure tannin until the whole becomea ropy or appears like the white of 
eggs. Apply it warm. Buff the grain off the leather where it is to be 
cemented, rub the joint snr^ea solidly together, let it dry a few hours, and it 
is ready for ase; and if property put t<^ther, it will not need riveting, as the 
cement ia nearly of the same nature as the leather itself." (Dick, No. 2-246.) 

Cement for leather, used by shocmakera for pntting on " invisible patches:" 

Gnt^ percha ^ tb. 

Chloroform 1 Id. 

" Dissolve at fiiat in the chloroform two-thirds of the gutta percha. AJler 
solution bos been effected, add pieces of gntla percha from time to time, bo aa 
to produce a liquid uf the consiKtency of thin molosaes. Brush the surthces 
to be joined with the same, and join with pressure. Caution — the chlotofbim 
is volatile and inflammable." (Dick. No. 3256.) 

Cement for AttacUng India-Rubber Plateg or Belts to WoodorMOal Stirfaeet. 
— "Dissolve in doable strong aqua ammonia one-tenth ita weight of gnm 
shellac. It will require from ten te twenty days to complete the soloticot; Qia 
cement should then be a liquid, flowing treely. Brush over the surfaces with 
the cement, join them closely and retain under preesure for twenty-lour boors. 

" The chief merit of this cement is in Che fact that the ammonia partly 
diBBolves the surtitce of the rabbet so as to allow the ahellac to become fiimlj 
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i imbedd^ in and attached thereto, thua inanriiig a p^rlM JDnetion with the 
. wood or metal, the portiiill.v dissolved nibber also rsDclering the shelliic lean 
brittle and more adljerent. This in n very oxtellent teraemt." (Dick, No. 



STRENGTH AND THICENISS OF BELTS. 

2S0, Strength o/lhr Bf/(.— "The ulHrnale streu^'th ol' the leather used for 
belting iBaboat:tU86 Iba. persiiiiureinchufHection. AttheJointsthestreDgth 
IB radneed to mi Iba. per square inch of belt section when the joint is 
riveted, and to 960 lbs. per square inch of belt aeetion when the joint is laced. 
The greatest snfe working tension | ainee the belt ia subject to only one kind 
of stress) is about one-third of these values. Usually, a belt baa cemented 
and riveted joints made at the belting toctory, and n laeed joint, which ia 
made when the belt ia put in place, and which serves for tightening up the 
belt if it wears slack. Uence, the greatest working tension is that eorre- 
. qxmdiag to the laced joint, and ia abont 330 lbs. per square inch of the belt 

The thickness of the belt varies ftora ^ to i*,, inch if the belt is a single 
R«Be,Hid trom | to ^inch if the belt is a double one. Hence, calling/ the 
« working tension per inch width of belt, and ( the belt thickness^ 

Thickness of belt = ( = 

Working tension in Iba. per inch widtJi =/ = 
70 80 100 120 140 160 180 300 230 340. 
Proftesor Karl Keller points ont tbat, generally, thin leather is chosen for 
w belts and thick leather for wide belta, so that if id ia the width of the 
flit, we have on the average — 

( == 0.1 i/ 10, 

Width of belt in ins. = w, 

2 3 4 6 8 10 12 15. 

Calculated thicknera of belt =: I, 

.14 .17 .20 .24 .38 .32 .35 .30. 

Working tension in Iba. per inch of width =/, 

45 55 64 78 90 101 110 134. 
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ANBMIS9ION OF POWER : 



BELTrSG. 



XEICEKEB8 OF LEATHEB BELTHTQ. 

1" to 11" wide = i" to /j" thick = 14 oz. to the Q' 
2" "4" ■' =Vv"toA" " =15 " '■ ■' 
4" "13" " = ft" to A"" =171" " '■ 
Onr belts are J tiiicker thaa moat raakos. 

The narrow double belts are nearly double thickness np to 8". Tba wider 
doubles are nearly all -ff" tliieknisM aud will average 32 oz. per Q'. 

J. E. HoYT & Co. 



(From Electkical Review, Feb. 19th, 1887.) 

TEANSMISSION OF POWER BY BELTTNG. 



aSl, " The tranamission of power &om its origin to the receiving pollej 
or shaft, originated, oh nearly all mechanical appliancee have, in a.Decessitr, 
and were at first crude aud imperfect. Tlias, we see in ancient pictoreg 
strips of raw hide were used, more or less twisted, aud with ungainly knots, 
where the euda of these pieces are connected. From this an advance was 
made when cordage of imperfect constrnction became common, a lineal 
descendaut of the twisted thong, or a flat, nntanned strip — or series of strips 
— of raw hide were connected by every conceivable form of joining. Scores 
of years elapsed, aud at the end the most satisfactory had proven to be a 
faumed leather belt. 

"The verdict of the mechanical engineer everywhere is the same: 'There 
is nothing like leather.' Yet, there are many kinds of leather, ua there are 
of nearly every other animal prodnct; and while for some purposes we 
know that other leathers are bett^ suited, the fact is undeniable that for 
strength, dnrability, ease of repair and adhesion, ook-tonned leather stands 
superior to any other. 

" The first essential is found in the charactor of the bide. I>ue care mnat 
be exercised in the tannage, and careful selection of hide mnst be made to 
insure evenness of stock. Without particular pains in this last requisite, 
uniformity in the belt is impossible; for the stock must be reduced to an uni- 
form thickness by splitting, which introdnces another fault, weakness and 
consequent want of durability. 

" Having now arrived at the point where the properly selected, tazmed and 
sorted stock is ready for cutting and splicing, we hare to decide which of the 
several methods is best for attaching the various lengths, to form a continu- 
ous belt. 

" There are several methods of attaching these— by thongs of lace leather, 
by wire hooks, by rivets and burs, and finally by scarfing and lapping, the 
two scarfed sar&Kes being cemented under pressure. This has been adopted 
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^uite generally by WesWm manufacturers, anil any objei^iuu U> such joints 
which may hove formerly ciistjid ure now ai-t at rest forever, tlirougli the use 
of iDore recent methods and materiala. 

" There are objections to the three methods first ini^utiooed, which are at 
once simple and damaging Irom n mechanical point ol' view. It goes with- 
ont saying, tliat bells punched fall of hnica Ibr either lacing, books, rivets or 
any other appliances for fasteniog, are weakest at those splices, instead of 
being Btcongest. 

" We may find atill more serious olyections. When lui important belt is 
properly oonstraclcd, pniportioned and speeded, and recrivm the attention 
and care which it deserves, there is scarcely any limit to its dunibility. The 
mnse of tlie failure of many large belts may too often be found in some one 
of the above particulars. It is a mistake to figure loo closely on the length 
or width of an important belt. Oo not risk a puesibility of slipping, which 
means heat, and will ruin the beat belt made. 

" A few years since, the rule among one class of belt customers wbb to 
depend almost exclusively on rubber lot the severe work re(jnired in saw 
mills. This has now Jallen into disuse; these bells have been repUiced by 
leather. 

' ' Belting for electric tight machineiy, to be a success, must have character- 

<ic8 not necesarily found in tielting for other purposes. Fur ordinaiy 

f Viachinery, there is not that positive neeessity for steady motion which must 

B'«zist in ao electric light belt. I'erfect uniform motion, other things being 

equal, means a steady, even electrical force, and this means steady light, and 

f-tD obtain this a uniform belt must bensed. This unilbrm motion of the belt 

at eiiBt thronghont its entire length, not only at the portions between the 

1, bat in the laps themselves. The presence of anything which would 

inerease the belt or thickness of the belt at the laps 

p«Uier point, nor any leas mischievous. 

" Another caiu« of irn^;nlBr motion may be found 
e closely the belt hugs the driving pulley, of a 
1 quietly does it accouiplish the end sought. Now, it takes hut little 
ft'SKinght to comprehend that a belt which is lifted from the pnlley every 4 or 
is foot, allowing the air to enter the space between the belt and the pulley, 
I can only produce unsutislketory results. Experience has domonstraled that 
t perfect remedy for ail this irregular action from any of the causes 
ratenUoned, is in such a tinion of the lops as is piodoced in scarf joints, 
■,<'«LmpIy relying on the <«ment; discarding rivet*, pegs, wire or any other form 
■ «f &stening. 

" To ac<'omplish these results, there is still one vital qnaliQcation necessary. 
JUnleas the belt has been properly stretched in the manufSicture, the hard, 
tapid pull of the dynamo work will soon render it necessary to take out the 
Kldack. This ]iroper form of belt is to be hod, and the electric light fraternity 
f ,of the West has iiuite generally endorsed its use. The saturation of belting 
f liy any kind of oil is destructive. There are belt dressings produced which 
f -lK)t only do not injure, but really add to the life and power of the belt. 

" Without making any invidious comparisons, I may, perhaps, he per- 
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mitted to say that a special etudy has beea made by a, Chicago eatal>- 
liehment of the needs of the electric light irateruity, and we who are inti- 
mate with the prore^ of mannfacturiiig are conviuced that success innat 
everywhere result from an evenly matched, uniformly thick belting." 

The establiahmeut referred to hcru is that of the Messrs. Mnnsou & Co. 
Having visited it and witnessed the severul advauced proceases of trenting 
leather for beat belts, I am prepared to say that Mr. Sbay'a rare modesty in 
withholding this bit of iufonuation is only snrposaed by the Messrs. Mnnaon's 
ingenious, thoroughly husiDcss-like and scientific treatment of l><>lt stock, 
which has made the old "saw," " nothing like leather " more, much more, 
Uian a mere saying. 



BELTING ANTAGONISMS. 

FSOM VAEIOUS BOUECES AWD AUTHOBITIES. 

232. " I beg to offer the following in substantiation of what has, to tli» 
writer, been a fact of long experience, i. e., that increasing the ore of contact 
of ft belt will invariably increase ila driving power; while fo increase its width 
alone vrill have no such effect, all other conditions in each cose being equal." 

" The adlieaion of the belt to the puUey is ifie same — ihf arc or nMinfter of 
degrees of contaet, aggregate ieasion or wcigkl being the anme — aiikout refereuee 
Utteidthof belt or diameter of pulley." 

"The driving power of a belt varies with the nature of the surfeces in 
contact, and the driving power increases with the smoothness ojid truth of 
the pulley surface, as well as with the bedding of the belt surface; hence, 
the area of contact influences the driving power." 

"II; will be noticed that the adbesionof the belts to the pulleys was much 
affected by the amount of moisture in the atmosphere." 

" Tempenttares and bumidities were also observed, and althoagh the 
groups of observations on different days showed slight constant differences- 
from each other, yet no connection between these differences and tie humid- 
ity could be traced." 

" If it he necessary to take the results of esperimente on the tension of tl» 
it Into calculation, the slight variations which it con show, in conseqaence 
■ of its hygrometric state, are withont notable influence." 

"Objected to — the expression for inches of width fora beltper horse power. 
[ ^The redaction of tension and the differences of strain follow a hyperbolic 
L CO,rve, being from nothing to the a. 



"There iao greater variety of conditionu In belt drive tban in Klmwt uoy- 
tbiogelse, and there could be no general rule." 

" There is no Btnndanl of belt tronaiuiasion of power to-day, that I am 
aware of. Ask aaypractieaJ operator or engineer the question, how mnch 
horse power a belt uf a given size will transmit, luid be will gire yon only 
an approximation, tbe conditions, an 1 have auid, not beiug tjike in any two 
caseu. Now, if we conld reach hold of this matter, bqiI bj a eerjes of te^its 
establish some formula which was ot'carate and reliable, applicable to the 
general condition of shope, I wonld bo very glad. Then would foUow a 
more perfect tr&nsiniHsrion of power and higher quality and standard of belt- 
ing, and a blessing and beneUt would be conferred on the maDofattoriog 
interests at large. ' ' 

' ' It wonld Beem there is no one detail of machine construction which has 
in its application a greater variety of cirenmstanees than belting. It seems 
to me impossible, for that reason, that any rule can give the correct relative 
valae of different kinds of belting for all purposes. Let me give yon an 
instance of that. Some years ago, on shatta 4 feet apart, a belt Ij inches 
vrtdc, and running from a driving pulley 12 inches diameter on to a driven 
pulley 1 j inches diameter, was run at a speed of over a mile per minut« 
(6000 feet). Owing to the centril^igal force, as it was supposed, the belt 
seemed to tonch tbe small pulley only about one-half inch on the dicamfer- 
«nce. The daiability of this belt was about a week, and, under the cirt^um- 
stances, that was coosiilered quite satis factoiy. I could give yon many other 
instances of belts operated nnder special conditions, tending to show that any 
zole which will apply to the ordinoiy transmission of power (as from one 
I fine shall to another) is totally valuelesB (or universal use." 

" Again, the adoption of tbe tension on tbe belt per inch of width as a 
i determining factor io all cases is, in my judgment, erroneous." 

All scienti&t: writers are in nfcord on the subjei.'t, and ore absolntely cor- 



" The undetermined element ir 
B^f adhesion, and this element is t 

"We have now seen that tbe driving power of a leather belt depondg upon 
iety of conditions that it would be manifestly inipmcticable, if not 
Ittpoedble, to correlate them all, and it is thought better to admit the di£B- 
Klties at once than to involve tbe subject in a labyrinth of formuloi which 
10 shorti to solve. ' ' 

" Both theory and experiment ftilly confirm tbe statement that the power 

Bfcansmitted, other things being equal, is entirely independent of the area of 

Mitoct of tbe belt with the pulley. The only limitation is in the case of 

KWiy smalt pulleys and M,iff belts, where a considerable proportion of tbe 

Iponer is expended in bending the belts." 
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' ' I may BBj, in regard to the stiffneaa of the belt and the power lost in 
bending and unbending, that we were unable to detect any such loss. We 
ran very thin belts and very thick belta under the same conditions of speed 
and tension, and found no difference in the amount of power consumed." 

"Stronge bb it may seem, it is nevertheless true that there is scarcelj a 
machine shop in America which can definitely and correctly calculate the 
proper width of a leather belt which will EBifely transmit n given horse power. 
Nor are the mann&ctnrere of machine belting in any degree in advance of 
the shops, for I have never yet seen the manufacturer who has any better 
solatioQ for tbia apparently simple problem than his own 'judgment.' " 



CONCLTTSION. 

WITH CLOSEB COHPABISONS OF THE DATA ASBEKBLED. 

3S3, It is stated among the " AntaRonisms " that there in no standaid 
of power tmnsmission by belting in existence, and the announcement is also 
made elsewhere that deflnite knowledge of what a belt will do cannot be foond. 

Ah Shelling says: " In order to see aright, one must know where to look." 

I think if the reader will glance at the Tables, pp. 383, 384, and at the 
flgnres in the last column deduced therefrom, he will notice tbat the " Role- 
of-thumb" men, the Belt makers and theScientisls, are not much atvarianoe 
in the determination of a safe working stress for belts. 

Within the limits of usual conjecture, it will be fair to assume tbat the 
Empiric, generalizing from the narrow hmiteof his practice, the Dealer, iatei^ 
ested chiefly in selling the widest l)elts, the Buyer, who looks mainly to tbe 
economies of cost, transmission and maintenance, and the Theoretic, applying 
his formulie to principles of action, there would be very wide divergences of 
result, but tbe exhibit presents a rather unexpected nearness uf agreement. 

True, the extreme variation is as fonr to one, bnt there is a remarkable 
coincidence of result among the mcniiH, especially when we consider the exist- 
ence of such wide diveisities of position, business, time and purpose of the 
peraons who formulated these rules. 

Allowance must be made, in makingup the results, for the different strength 
and thickness of the material employed, which do not appear to enter into 



Morin and otheis distinctly state that tbe dimensions proper to give bolts, 
knowing tbe safe strain to be put upon a unit of tbe material, muat be 
determined from the thickness to bo used, which varies from two to one 
(sea Arts. 177, 192 and 193 for fuller texts of this ; reference to thicknesses 
elsewhere in this book will show even a wider range). 

Id addition to this, the dridng area and the consequent loss of material 
mnst enter the calculation vrith the effetent tension. As most of these mlea J 
were derived iiom practical working, one may presume that all the easen^al | 
elements were included. 



CONCLUHION. 



379 



luet be derived from tbe 
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a general nile, the figures for wnrking stresB n 
maierial itoelf— tbe special material to be used aim 
certain ^rork. V/e do DOtpmpuse ti> nai 
oar own use, until all tlie testa are in. 

As is BBual, vre approach a subject at the middle; something has l>cen 
'en ; ne must take tilings as we find them ; if the new UHe is to be a better 
e than tbat o^isting, vrc must iiiuke wiser selection of material and 
oethod, improve upon the past and adapt to our present ueeds. 

le earlier aotborities, Moriu, Claadel, Carillon. Laborde and Hortig, 
r M much us those who have written later upon the snlijeet, and the 
le writer, at diiTerent times, varies greatly, else tbe tmnslations and tran- 

it fault. 
reproduce all OS I find them, and the list is certainly long enongh to carry 
it weight of evidence to gravitate at least toward un assimilation of 
mbled data. 
1 "Antagonisms" sound the alarm of great loss of driving power on 
^t dajB, as tbe atniospbere maj or may not be aJfected by dampness, 
it the authorities disagree as to the amount of sncb influence. 

also, is it said of the effeeta of temperature, tbe influence of adheaives, 
tt dressings, of the belt's stiOness, of the surfai:es upon which tbe belts 
I, of the resistance of the air, of tbe action of centrifugal force and of the 
's tliickness and length. 

;xpressions fixing the driving area are seriously opposed on the 
id of variations of tension, unevcnneaaof "grip," nncertainty of "slip," 
d an infinite variety of conditions, puzzling and nncontroHahle; neverthe- 
S, every writer on the subject tries his hand at a safe "rule to go by, "and 
LCludea by tbrmnlating one for the benefit of his readers. 

.8 will take the pains to <«lleet uail extimine existing rules in any 
e of engineering work, he wiU discover in most of them mnch greater 
» of result than we have just found in those relating to belting, 
lecaeiou several yeius ago to know just what stress could be safely 
t npon the teeth of cast-iron cog wheels with given pitch and fiice, under 
tdinory conditions of make, speed and nse, when I found, to my oatonish- 
t, that on a given tooth, according to existing rnlea, I might transmit a 
is all the way from 1620 to 11,475 lbs ! a diflerenee of nearly 9 to 1. 
it of the English rnlea rallying around the rather low pressnrB of 3000 
. , nnder the same ciieumstances as above, because John Bnll wuita to be 
le and does not mind extra weight and added expense ; the later American 
B, deduced from good practice in iron mills, permit a continued load of 
0.350 lbs., in which one can have faith, heamse these figures are derived 
\ bard-worked, well-tested wheels and ftom materials made here. But 
it a difference ! — See Jmirrt. Frank. InHt., July, 1S79. 

e from another department of mechanical engineering, in which 
e departorc from right rnle would lead to dire disaster and the slightest 
ae in violation of stringent law. 

B I propose to make a 43" steam boiler of J" iron plates of good 
I, all joints single riveted, aud I wish to know certainly the safe work- 



Take a 



6aO CONCLUSION. 

ing pressure proper for such a lioiler. Believinft the material to be all right, 
mj first concern in the conatraction, is with the proportions of the riveted 
jointB. There cannot eurely be an; difference of opinion ahont so nimplo a 
mutter as this ; nothing but a row of holes, fille<l nith double htiadod bolts, 
one head made before and the other alter insertion m the holes We consult 
the authorities, of coaree, both printed and practical, foreign and domestic, 
and liec*ime dismayed, for which the reader will see cuuae, in the diversity 
of statement in this particular. 

Eight authorities give the diameter of the rivet varying from i" to ^4": 
and pitches of the same, from li" to 2t". 

Next, and more important than the joint, is the calculation for the norkio^ 
pressure in pounds per square inch whith tlie boiler ia allowed ta cany ; there 
must surely he u uQifbrmity of measure for this essential element of boiler 
oonstruction, since but two simple things are to be considered— tAe glrenglh 
of I IK plate and the strength of (htjoinl, to lie figured with the boiler diameter 
and plate thickness. 

We work the problem out tbtoagh existing rules, getting the following 
results: Firat, from seven English rules ramjing frimi 35.7 to 80 lbs., the 
English Lloyd's rule being 62.7 lbs,, and near the middle place. 

Finally, we apply to the dicta of Ameritau workens and writers, getting n 
wider range of results for our painstaking research. Eleven "home" rules 
fitjm 67.5 (o SOy.5 lbs., in which the United States (government rule figures 
about the medium. 

" Two of a trade seldom agree," is an old proverb, and which of the above, 
I ask in despair, am I to apply to my case; I am told to use the iretf-Antnm 
formtila I 

Now, the writer believes that these rules have been given in good faith, 
and he knows to a verity that they are pubHslied in flrst-class Engineering 

The qaeetion may well be asked. What is a practical, < 
desiring of all things to be safe and sure, to do in such cas 

Suppose, now, my tmiler is made and ready for proving. I apply to the 
book again to find out how to do it: " Boileis should be proved eifri/ dag by 
being filled vrith water; if in cold weather, the water should be at 300° P., 
OS iron is very brittle under low temperature; a few strokes of the forciii|C 
pump will now produce a pressure of /our lima the working preaanre; the 
boiler should stand for one hour without leaking before work." -'A good 
boiler ought to stand a pressure of 400 to 500 lbs. per siiuare inch." 

Bhonld it not cease to be a wonder to School -trained men, after such 
antboritative ailvice as this, that the practical man declines to follow the 
Book, preferring to go by what he has learned to be right and safe all his Ufb 
in the shop ? 

The working boiler maker knows that if this lest be applied as directed, it 
would ruin every steam boiler in existence, and yet this ilongerons technical 
instruction is printed in bliKk on tehife on the pages of a book — i 
bom a foreign press. 

Bules for belting, where no harm comes from even a wide divergence, lis 
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tiaeer than these, an ia clearly and forcibly shown hy the considerable list of 
roles here fiist asaemliled. 

Rules for practical men and ninDafactarera Ehould be wimple, easily under- 
Mood and readily applied; eren for coastrucliog engineers, pretumably 
^miliar with all these thiugs, but who, in the rush of bosiueaB, have no 
time to wander over poge^ of books in search of the iormula needed, aa is 
freqaently necessary when consulting text-books, lo Gnd a rale that joat 
applies to the case in bund, or to hunt throngh a volume for a missing char- 
acter, or to be bsfflod by a purposeless Greek letter ; when, aa they may easily 
be, all the required elements should be at hand, handy, phiced unmistakably 
in form, with initial letters of the element inserted, so that corresponding 
dimcnBinns cuu at once be put in, and, by easy arithmetical processes, the 
needed results can be Ggnred out. 

One cannot go through a <.«Drae of algebra every time a rule is to be used. 
The engine driver Bhoald not be requirwi to bring before his mind's eye the 
complex figures of a valve diagnun, meofadly solving the correlating protv 
leme trom beginning to end every time before he reverses his engine. The 
pulling of the lever is enough for him and safest for those who come after, 
and the direct application of the right rule at the right place is the beauty 
of tbe book that gives it. 

8a, if the valve gear is correct and the formula properly made np and judi- 
,' cioualy boUed down lo its simplest form, these things are as they should be 
I fotbe needs of liiiHinesB. 

If any one refuies to avail himself of the plain advice here many times 

given, to use good material and a fi\ir proportion of it for his power trims- 

misiiion, the result of his unwisdom in this partitolar is his own matter, and 

will simply lead to trouble and nseless expense, tbe usual incident of a lack 

[ of good stock and right proportions. 

On the other hand, if he be persuaded into a too liberal provision of driv- 
'' ing capacity, his machinery will not be driven any better for tbe surplus, and 
I aeedleag expense will be incurred. 

"D) Morin we owe the statement that, "with very slight pressures on great 
I ttirfaeeH, the viscosity of the unguente usually disregarded might then esert 
nfiible influence." 

■o what extent tbe resultant co-efGcienta of friction, — dilTering ho greatly by 
le several expert men terB, — is due to the inlloence of the interposed unguents 
mployed, or to the omditioa of the belt's sur&co where none are applied, 

■ ■does not appear. 
icouut has been taken of the clinging effect of fibre, papillary or 

I. Tidged Bur&ces, as of the hand, aa compared with a dead smooth and flat 
k Dentral surface upon another of like kind. 

From a consideration of the gist of these statements, we might learn the 

■ neoeeaity of being veiy careful in experimentation to distinguish between 
ttfAesion accidental and Jriciion proper. 

Uuiy of these "Ant^onisms" are only salient points of aigumont, pro- 
I jected info the subject during the course of warm discussion, but do not 

■ Jtold their place 4u the working; like starting frictions, they do n 
n niU Ibrce. 
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TbeiT efTevts iire all covere<l by tbe OHOal allowance for wear anil unfavor- 
able conditioss, and are inclnded in the dimeoflioiiB required by final esperi- 
mental proportions whicli are given in all prod rnlea. 

A faetar of effiaieaeg must always be DHed in dutermining tbe working size 
of a belt, in tbe same manner ae w« employ a, factor nf eufdy for bridge and 
boiler work, and generally in all metal constrnetions. 

Noting the care token to provide for ample aUowance of material beyond 
the nett strength reqnired, wben life and limb mny be lost as the reanlt of 
ikilnre, as in the case of a st«ani boiler, the factorofBatetynsnally taken, is 5. 

Not by any means that a haiiei will safely bear, for a moment, the nlttmote 
tension calculated; this must at least be halved to come within the limit of 
^anticUy; indeed, fico-JIJt/ui of it should be taken, and then we would about 
arrive at that stress which, when exceeded, begins to deform tbe material, 
and Avm which it cannot recover its original form. 

The like of this has been found by M. Leloutre {see Art. 199) to apply to 
belting leather, from whii:h be fixes .0, even iis low as .5 k. per □ m. ; that is, 
HZ2 >; J __ 143 2 i\jg pgj im;!, „f width of belts i of an inch in thickness an 
the maximum working stress, which should not be exceeded. 

Now, tbe half of this stress is not an excessire safe load for tbe best 
leathers to continually carry, and the half of two-flllhs is the safe preBsure 
permissible to be put upon a boiler mode of the best materials ; a singular 
coincidence at least, and we do not propose to take any advantage of the 
accidental comparison, but some calcalationa shoald always be made from 
tbe known strength of leathers and belt joints and the wear to which they 
are subjected, to avoid every risk of overtaxing material and destroying its 
life. 

From another point of view, as it goes now without saying much more 
about it, that 60 to 66 lbs. per inch of width of good leather belting is 
tbe permitted iliir working range of pull for all-day working, and if we 
assume the ultimate tensile strength of good belting leather to be from 1000 
ti> 1200 lbs. per inch of width, we should have to adopt a factor of ^fUititcy 
somewhere abont 30, based upon the strength of the solid material, andinsiat 
afterward upon tbe making of good joinings. 

In summing up the weight of evidences after many statements of opinions 
and much discussion of them, it is still true that the hair side of a leather 
belt drives better than the Qesh side. That the flesh-side half of a leather 
belt is stronger than the hair-side half, mid for this reason should be pre- 
served against loss by wearing away, and that the smi)otheat>-faced pulleys 
"drive" best, but the smoothness insisted on here must not l>e taken to 
mean ulipperiness. 

That a belt should be flexible and shoald not be strained to deformation, 
since eveiy pull of tension beyond the elastic limit, often repeated, must 
cause rupture; that the drive is according to the arc embraced, and that 
journal friction is increased by belt tightness, which is unneetssary under 
right proportions of driving capacity— all these matters have been long bnawia ■ 
and will be found very plainly set dovcn in the translated articles. 
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TABULATED RULES FOR HORSE POWER AND STRESS. 

In order to show to what results, expressed in horse power and stress per 
inch, the several rules collated will lead, an assumed example is worked out 
by each and every one of them, and arranged in the following table. 

The example is: A 10^^ single leather belt, Y^ thick, running horizontally 
on 60^' pulleys, at 200 Rpm. ; circumference, 15.7'; belt contact, 8'; velocity 
of belt, 3140 Fpm. 
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Webber. 
HarUg. 

Claude!. 

Webber. 
Example. 



Empiric. 
Example. 

Molesworth. 



Abel. 

Morin. 

AppIetOD. 

Haswell. 

ThuntOD. 



Armour. 

Fair bairn. 
Sturtevant. 

Van Riper. 

Appleton. 
Rossman. 



Clement. 
Bacon. 

Page. 

Rider. 
Laborde. 

Welch. 
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66 lbs. per inch of width. 
273 lbs. per O" of section. 
8001be. " " 

SW'' belt at 9 Fps — 1 UP. 
^ _ HP X 8600 

"" V X contact in feet 
42.44 lbs. stress per inch width. 
feOHP 

DX Rpm 

nd 
86^ lbs. per inch of width. 
^ 1100 HP 

^ = ~^v 

A table giving 30.6 lbs. per inch. 
«^ X ^ . HP. 



w = 



1070 

HPX«400 



va^ 



% D" of leather will pull 6 lbs. 

355 lbs. per Q'' of section. 

60 lbs. per inch of width. 

850 lbs. per Q" of section. 

_ 7000 HP 
w ^ 



w 



Sv 
5334 HP 

Vc 



350 lbs. per D" of section. 
_ 59 40 HP 

1650 d 
350 lbs. per D" of section. 
„P _ 3 Wcv 
16,000 
300 lbs. per n'' of section. 
45 lbs. per inch of widtb. 
HP X 26,000 



W — 



HP 



HP 



Vc6 
Cv 



W — 



64,000 

Ksxy 

36,000 
HP 6000 



Vc 

HP X 33.000 

^- vx-l- 

19^ lbs. per inch of width. 
Il4" belt at 533 Fpm. 
RvB 
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52 

67 

26.17 
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66 

64.6 

60 

27^ 
18.8 
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40.96 
29.7 

31.84 
34.8 

28.64 
29.1 

29.3 

29.07 

60.9 
67.45 
48US 
66.6 

35.9 

47 
66% 

26.43 
66% 

47.1 

67 
42.8 

67.97 
44.4 
41.87 
41.87 



HP 



33,000 



46.67 


48 


18.29 
16.8 


17.7 


66% 


70 



42.44 
81.2 

38JS 
8^ 
80 
30.6 

30.8 

30.6 

64 
71 
50 
70 

37.8 

49.6 
70 

27.82 
70 

49.6 

60 
46 

61 
46.7 
43.6 
43.5 



384 



RULES FOR HORSE POWER AND STRESS. 
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85 


149 


36 


196 


37 


225 


38 


226 


39 




40 




41 




42 




43 




44 
45 
46 
47 




48 




49 
50 
51 
62 
53 





o 

I 



HuBsey. 

Leonard. 
Briggs. 

M 

Arnold. 
Unwin. 



Couch. 

Die HQtte. 

Beuleaux. 

Abernathy. 

English. 

Webber. 

Claudel. 

Morin. 

Unwin. 

Carillon. 

Box. 



RULB. 



80 lbs. per inch of width. 

66^ lbs. per inch of width. 
„_ d X W X Rpm 
^*^ " 2570 



W 



36,000 X HP 



FpmXcxe 
2P 

1'' belt, 800 Fpm., 180° contact — 1 HP. 
WXFpm 

^^ 400 ' 

D X W X Rpm 
^'^"" 3OU0 

369.72 lbs. per Q" of section. 

34.5 lbs. per inch width. 
40 to 45 lbs. per inch width. 
1" wide at 1000 Fpm. — 1 HP. 
TTP Fpm X stress per inch X W X arc 
***^"" 33,000 X 180° 

^ k. per millimetre square — 355.5 lbs. per Q". 
.2 k. " ' ■ 



(( 



ti 



<t 



284.4 lbs. per Q" 
820 lbs. per D" of section. 
96.9 n' of belt per minute. 
310 lbs. per Q" of section. 









76 

24.21 

63J^ 
46.7 

41.8 

33^ 
39.18 

78.5 

40 

70.36 
32.78 
42.75 
81.4 

62.83 

67JS4 

54 

60.8 

27.4 

58.9 



80 

25.4 
66% 
49.1 

44 

85 
41^ 

82.6 

42.1 
74 

33 
65 

71.1 

66.9 

64 

28.4 

62 
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^^^Bhwiife'Ji Works' gai, 180, 28T. 


Qaartfi-twUI belts, 84, 98, 172-180. 




holes for, 180. 




Qiiltk motion bells, 44. 48. 


^^^B%rHn'a bundnn- hMm. 96. 




^^^K^MlMVAy ut belting, 8. 




^^^^tUBliig ont helm, 90. 


Radittt, effecllve for pulleys, 59. 99. 


^^^B^JWvtMA"'" tt^Tiew " on belling, 90, 38, 98. 




^^^■> ■■Oentr^bliiU"oD belllng,S6. 


Rankint, on belt^ 8, 17, 48, US, IBB. 2IS, za 






^^■^N<r'* But belting, 209. 


BaUo between fricUon sad tiBcllaa, 13% 




of Btnlns, 122. 


^^K^t^gnaned \>j presiurc, 114, m. 


KaHfn-*Co.'.belt*l!». 


^^H In motion. Armour, 81. 


JtawJiHB belts, 99, 190. 


^^H I«t bj Aletlon of mile, 10(1. 


puUeya, IB. 


^^^H knt bT iibiiniag, 14A. 


ReeHpif of Spon. BS. 




Jtegutatort for inllla, 14S. 




Jlelatt„» of .mall .hifling to hoUow, isa: 




Krlnttmi height of wbeols, 2M. 




Report of Bwiud to Mew York Rubba Co, 




BegHUKM for. belt, 124. 
IteHn on belb,, 47, 89, lOS. 108. 


^^^■hwnvp>(lea(ber, 209. 


^^Hi^rewun bluwer belt, TS. 


K«lrtot.w to bending of bells. 82. 






^^^^mfrony't eiperlmeut*. 214, 




^^HnpHMfc-atiott Industrielle" on belting, 124.184. 


Richardi, J., on belts. SB. 


^^■2S<Un/.7.8. 


Richorda, London & Kelley, 90. 


^^^V mlole on. 1M. 


RtSrr, A., jr., on bolts, 116. 


^^^1 biLlaDced, 142. 


Riggrr deOneiJ, 7. 


^^B cones, 48, 98,84. 


Right anglf,, ahsfts at. 172-lM. 
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JM« of pulley fans, 90. 




Shafting t«t»,sa. ^^ 


KiiMHg bells, 108. 




Miaftii and pulleys. locaUon of, ll». 






nt angle drl«n by belling, 84, 99, 17J-178. 


teoebHiig, J. A., on belts, SI. 






W. A, on wire cope., 263. 






^m SoUer for tlebtaning, 14, 21. *7. 66, », 9\ 






^^k IGG, m. 17S. 




" ShoK and Leatbei Reporter " on belting, 210. 


^^m KaltiHg-mtU belM, 72, 73, M, 206, Ki. 




ahoe-pegt for bclHoiuts, 183. 






Mort btltiug, 92, 153, 165, 198. 


^^m hudp, 152, '^7-28.1. 




Side of leatbBr, eut showing best part, 212. 


^^H >lre, 2S3-£;6. 






^^H Jtepeofbemporwlr«,62. 110,122,152,153, 


20*. 




^^B orst«el,2a4,l». 




Single and double bells, 60, 73, B2, 92, 93, B7. 


^^H ofwireoopper.aw. 




109, 117, US, 182. 


^^H Bitipkor.2Be.207. 




Site of band, way to eipress, 102. 








^^H rerUcil, 2.111. 




SWH.eei, belling, 47. 






WBofcbellins. 10, 2S,«, 82,148. 


^^ »)K»dbelu.J9,i»,l6S. 




of wire rupe, asfl. 


^^ Sounding of pulleys, 22, M, OB, 71, 90, 9a 


35. 


SlUKng isiip), 49, 64, S5, 60, 66, 73, 85, 89, 99, 101, 


1 Bpm,B. 




104,196. 130. 156. 227, 234, 2M. 


Mubbrn- bella, 12, 59, 92, B7, 98, 150, 167, 19.T, 






Jttili' Tar belt equal to gear, 70. 




Slmesballs, 23. 


1 for dlitaneE bptweeo "hafts, lOB. 




Small pulleys, 92. 


^^ for pieelng out belts, 30. 




Smtmmnian report, varnish. ISl. 


^^L (brss«,G2. 






^^H (tor leasiuD by welgbt of belt, Si. 




Itees desirable, 73. 


^^M of tbuuib, 18. 




Spanish white for bolting. 89. 


^^r to make a double belt. 181. 




Speetal observations to deterniino the utural 


^^ «Ml« 




tension of belling, 233. 


' tor nscertaluing the borsc-|iu«er of b 




*j»«il cooes (tapering). 48. 


See Hone-power, 
tor belting [n eoil, 83. 




bigb, 142, 141, 14S. 150, 

of beltlag, 15, 23, 24, 142, 144, 147, 14B, Ut. 


1 for belt lengtli, 111. 






^H Ibr belt widlh. SB, 111, 112, 125, 127. 






^^L for cenienU aod leather dresaiDg^ 47 


58, 


variation of, 39, 49. 


^^H 92, 107, 124, 1SI.1S3, 196. 




Sp«ii-ri.w, grooved. 79. 






Spier's, John, sheet-iron belt 190. 


^^m <br gearing, 136. 




SpiU'i patent belting, 204, 208. 


^^H ItarabanJuB, 137. 




Spimng belts, SO. 






wire rope, 254. 


^H off of belts, 105. 




Sp™, E, reeeipts, 38. 


^^B HuptHre at lacing, 50. 




E. and P. S.,M, 119,119, 13-2. 






S. S. SpeMner on IrauBmislon of power, 151. 
Steel belting, 60, 161, 291. 
ropBN 394.259,279. 
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^^m Sag orbelts, BH. 109, U7, ISB, llie. 




90, 99. Ill, 130, 131, 147, 148, MB, MO. 


^^B Df>'opCB,62,25a. 




on belting, effect of. 89. 








^^H SaHderiHM'a patent belting. 204. 










Stre«glh of belting, 14, 298, 210-21^ «!9. 


^^H blades, band, strength of, 96. tsi. 




ot gum, 13. 


^^H Soellot, E., bells, 203. 






^^H aehenrkfi example, 221. 




of lealhur. U. 49, 57, ill, 119, 131, 147, Iti, 


^^H SeABlt, C. P., on belting, 91. 




208, 210-213, 229. 




Slreleh at leather. 58. 82, 91. 






Strelrhed leather belling, SU. 54, 


^^H double bolts, 195. 




Slripn of the coid. 236. 260. 


^^H ShafUng, bells to cool, IBIL 




SItirtevaM, B. F., on beHlng, 79, 


^^B bon^power of, 139. 






^^K In goneml, las. 
^^K sice of, 132-140. 
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Sweei, J", E., ww-bladeB, 9C 
SweU of pulley fiwe, W. 



Tmbi€ for conTerting belt-strain into surflice 
velocity, 10. 

of belt thickneases, 101. 

of contents, Hi. 

of driving power of belts, 120. 

of experiments, belts on cast-iron palleys, 
241. 

of experiments, belts on wooden drums, 239. 
Briggs A Towne, 230, 231. 
on belts, 55. 

" " on creep of belts, 76. 

" ** variation of tension, 247. 

of fan belts, 74. 

of formulse for belts, 37, 112. 

of friction of ropes and belts, 284. 

of friction pulley and belted pulleys, 295. 

of horse-power of gears, 136. 

*• " " shafts, 139. 

of Klrkaldy's belt tests, 14. 

of metric measures, 6. 

of multipliers per arc of contact, 226. 

of power as per arc of contact, 221, 225. 

of ratio of friction and pressure, 127. 

" " strains on belts, 122. 

of results of belt tests, 208. 

of side of leather tests, 212. 

of slip of belts, 89. 

of strain as per arc of contact, 220. 

of strength of belting leather, 213. 

" ♦* saw-blades, %. 

of transmission by wire ropes, 255. 

of units for horse-power, 7. 

of Webber's shafting tests, 20. 

of width of belU, 87. 

of wire rope sizes and strength, 259. 
Tanners* dubbing for belts, 38. 
Tapering speed-cones, 48. 
" Technologist" on belting, 90, 107. 
Telodynamie transmission, 100, 253-275. 
Tensile strength of belting, 9, 13, 14, 17, 40, 48, 
61, 62, 68, 85, 102, 113, 117, 130, 131, 208, 210, 
211,212,213,229,248. 

strength of ox-hide, 91, 212, 213. 
Tension on belting, 9, 13, 14, 17, 18, 19, 61, 90, 
91, 99, 100, 103, 111, 113, 130, 131, 148, 149, 
220, 232-248. 

that can with safety be applied to belting, 
248. 

variation of, 243-251. 
Tests of band-saw blades, 96. 

of belting. Centennial Exhibition, 213. 

of belting, Kirkaldy, 14. 

of shafting, 20. 
Theory of belting, Franck, 40. 
Therefore, character, 5. 
Uie science of modern cotton-spinning, 22. 
Thichness, influence of, on belting, 39. 

of belting, 91, 99, 101, 117, 197, 219, 248. 
Thin belting, 93, 128. 
Tliread of hemp or flax, 90. 



Thufnh rule, 18. 

T%uraton, Vrof, JL M^ on belting, 48 
Tight belling, effects of. 24, 148. 
Tightening (Tension) roller, 14, 21, 47. 66, 90, 

91, 117, 166, 174, 176. 
2b drive two pulleys firom one, 164. 

fasten leather and cloth — glues and ce- 
ments, 181-183. 

find the horse-power of belting. See Horse- 
power. 

find the length of belting, 15, 111. 

find the sectional area of belting, 103. 

find the strength of belting. See Strength. 

find the width of bdts, 87, 111, 112, 125, 127, 
149. 

increase the efficiency of belting, 161-165. 

make a double belt, 191. 

preserve leather, 181-183. 
Tool for putting on belts, 208. 
Ttnone, H, R„ experiments, 8, 215, 218,227-231. 
Traction gearing, 162. 

of belts and ropes, 18, 130, 260, 261. 
Tractive force not with area of contact, 71. 
TransformatUnif co-efficient of, 88. 
Transmission by belts, 128, 129, 131, 143« 

by cords and grooves, 163. 

by gearing, 133. 

by hemp ropes, 122, 152, 153, 277. 

by wire ropes, 100, 204, 253-287. 

by wire ropes as connecting-rods, 285. 

early modes, 139. 

of motive forces to a great distance, 260. 

of rotary motion by connecting-rods, 286. 

telodynamie, Achard, A., 260-266. 

telodynamie, Hirn, C. F., 100, 266-274. 

telodynamie, "Manufacturer and Builder," 
274. 

telodynamie, Roebling, 253-260. 
Treatise on mechanics, 207. 

on mill-gearing, 119. 

on transmission of force, 214. 

on wire-rope driving, 274. 

on wood machinery, 69. 
Tretitment of belU, 37, 47, 58, 92. 
OTwist'beltSf two or more pulleys, 172-180. 



Ultimate tenacity of leather and raw hide, 

100, 131. 
Unclassified figures and notes, 13. 
Underwood's patent angular belt, 201. 
Units for horse-power, 7. 

of measure, 6. 
Untanned leather belts, 209. 



Value, comparative, of belts, 97, 204. 

of greatest tension of wire rope and belta^ 
100, 103. 
Van Nostrand on belting, 86. 
Van Jtiper, P. V, H„ on belting, 81. 
Variation of speed, 39, 49, 150. 

of tension-apparatus, 243, 247-25L 
Varieties of belts, 190. 
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Varnish, elastic, 181. 
VtioeUy area of belts, 42. 

high, 142, 148, 149. 

low, 140. 

loss of, by belt in motion, 88, 90, 104. 

loss of, by various causes, 89. 

loss of, remedied, 89. 

of surface, 13. 
Terifie<xHon of two theorems, etc, 238. 
Tertieal belts, 47, 62, 82, 149, 153. 

ropes, 259. 



Waterproof cements, 181-188. 

leather belting, 200. 
Wattf Jaa,, on horse-power, 6. 
Weaie on belting, 7, 48. 
Weaver's belting, 170. 
WeMter, SamuH, on belting, 17. 
Webber's tests of shafting, 20. 
W^fbing, cotton, belting, 71. 
Weight of belting, 99. 
WeUh, M. J, C, on belting gearing, 131. 
Wet weather, eflfbct of, on belting, 88. 
Wheels or pulleys for wire-rope, 257. 



Wheels, relative height of; 7SL 

WielUin on friction-gearing, 288*. 

Wide belting, 98. 

Wider belting for certain nuu^hines, 18. 

Width of belting, to find, 87, 111, 112, 125^ 121^ 

149. 
WUliams, tFos,, on eel-skin belting^ 47. 
WilUs, Firof.f on mechanism, 9. 
Wilson's belt-hook, 183. 
Wire for stopping mill, 146. 

rope, 62, 100, 204, 253-275, 276» 2861. 

rope as connecting-rods, 286^ 

rope, driving, 274. 

rope, speed, 100. 

rope, table, 259. 

woven belts, 204. 
Wood firiction bev^ wheeto, 298L 

puUeys, 55, 91. 
Wool belte, 128, 206. 

Worh lost, due to stiffhessof xopei^ ]j00^2B8^SM. 
Worhing strain on belting^ 13; 17,liB^JS^4» 

50,69,99,111,119,131,229. 
Woven belting, 99. 
Wrapping connectors, 67, 98. 
Wylde^s circle of the sdeoioeB^ USi 
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AbeVa working stress, 802. 
jLdheHan as the area, 836, 838. 

of belts, 310, 335, 349, 371, 876. 
Adhesive teeth, 335. 
Adtfantages of rope gearing, 881. 
Air between belt and pulley, 311. 
Aithen, Mr., 352. 
Alexander Bros,* belts, 340. 
AntMer, E. JP., 343. 
Amontons, 336. 
Angle of contact, 308. 
Antagonisms, 376, 379, 382. 
Appendix, 801. 
ApplieaMons, 827. 
Are of contact, 812, 318, 344, 845, 876. 
Area of driving, 879. 
ArmengoMd's data, 802. 
Atn^ospherio pressure, 310. 

resistance, 311. 

Bach lash, 833. 
Bancroft, J, Sellers, 315. 
B€ise of working, 302, 804. 
Belt adhesion, 810, 376. 

clamps, 867. 

coil, to measure, 83. 

contact, rule for, 18, 93, 95, 112, 808. 

creep, 817. 

data, 802. 

directly applied, 368. 

dressing, 304. 

driving power, 310. 

efficiency, 301, 317. 

elongation, 815. 

example of working, 368. 

force required to shift, 365. 

friction, 307, 808, 316. 

guides, 365. 

holder, 363. 

holding, 310. 

lacing, 364. 

lengthening, 324. 

life, 324. 

lubricant, 371. 

nerve, 324. 

of links, 346, 357. 



Belt of walrus skin, 866. 

oil, Thompson's, 871. 

riding on belt, 847. 

roles and formula, 868. 

8Up,816,820. 

stiffness, 818, 878. 

strength, 868, 873, 378. 

stress on, 802, 808. 

tension, 301, 308, 809, 877. 

tests, 867. 

thickness 373, 874. 

tighteners, 866. 

touching, 810. 

way to run, 869. 

width, 863. 

working strength, 816. 
Belting and gearing compared, 821, 864. 

antagonisms, 876, 879, 382. 

cotton, 851, 852. 

double, 355. 

facts and figures, 810. 

hints, 854. 

of gut, 868. 

of wire coil, 864. 

oil-dressed, 848. 

pulleys, 355. 

rules, 318. 

shafts out of line, 889. 

single, 354. 

to put on, 856.4 

transmission, 317, 821, 847, 374. 
Belts and cog wheels compared, 827, 828. 

broken, 324. 

centrifugal force of, 810, 827, 867. 

condition of surface, 315. 

crossed, 815. 

duration of, 155. 

elasticity of, 821. 

endless, 870. 

flexible, 803. 

for dynamos, 857, 869. 

fulled, 867. 

good, 840. 

grain conyeyers, 818. 

horizontal, 817. 
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^^H 


C<m« polle; belu>, to correct. 365. ^^^^H 


^^^H liw», 317. 


pullef .rule for, 313. ^^^^H 


^^H of cui'ux, 34B, 34S, SSO. 


puller >blftBn!,3«9. ^^^^H 


^^H ori!atloDleMber,34e. 


tWtdMDfbelt,30a. ^^^^H 




rale for H. P- of belt, IS, 93. 95, HZ. 


^^^1 Df rmwtaldB, Il4a. 3M,3E7. 


Convrnienl raia.Mi. 


^^H or rubber, 346,350. 






Coo».,S2S. 


^^^1 DO puWer eanen, 365. 


Corbettt, W. W., belt guliiB, 3W, 




Cant uf hells Bud ropes, Wl. 333. 


^^^1 quirtertwlst, SIC. 


CoWo»belttdg,BM, 3.^1, 352, 




CoHlomb, 33B. 


^^^H rupture of, 321,323, 31*. 


Corering for pnllefi. Mi, 3*3. 


^^^m Rietchilig af, 331. 323. 


Ck«!1. of belt, 75,817. 


^^^m thick, illuitrBted, 318, 362. 


Ci-mwed bells, 316, 


^^H thlD,3I8. 


CroieeH, H. C, 347. 


^^^1 toaUKht,3l'7,327. 


I»o(o»bout link bolts, 331. 




bjA.B, Couch, 346. 


^^H weight af, 351. 


by Brigga & Tome, 3*4. 


^^M BimdingoClK\t«, 3X8. 


TM«met^ of pulley for rope., StS. 




JMrcctsppllcetion of belts, Sn. 


^^M Sox', HorkiDg stre«.3a2. 


DihMb beitiog, 355. 




taw hide, 367. 


^^H Briifga sad TowDe, 302.312. 319, 320, 321. 




^^H .Brlffp*. Kobert. 311. 


IM^rfng aa, 379, 




capaolly of ropes, 333, 370. 




force of bolU,8«S. 

power of bells, 310, 316, SSL 


^^^B CIl^eH«a]utemill,323. 
^^1 Core oLtreichlDg bulu, 327. 
^^H OMtoroUforbtlt,35a,372. 


2>iira({i>n of bells, 195. 
J>iirf« on Hope geBring, 329. 
JUriHoK, C. S., 337. 
I^HOmo belts, 340. 357, 8M. 


^^^B Cflinenl for rubber, 372. 


EBO»<™.((<.fbelI8,S17. 


^^^^ Ctmenbt tor belU, 371, 371. 


Eff.etenBy, feotor of, 332. 


^^^H Centrifugal force, 327, 311. 


of belts, 801. 


^^M oC belU, 310, 367. 


EfflMent tension, 3T9. 


^^H Charge, teailoa, 312. 


i^ec(ofb(uil»clng,340. 


^^^1 CtrB«lar saw belU, 351. 


ofeeQlrtfugil fon«, 307. 


^^^1 ClRmjw far belta, 367. 


MIiuHbUb i'"nit, aw. 


^^H Clarke, D. K., Kul«, 302. 


of I'ells, 321. 


^^H Claiulsl on belt ihlcknen, 373. 










Endlena belU, 310, 


^B of fitigoe, 827. 


Engifteerlng, 312. 


^H of frittiod, 816, 317, 319, 820, 321, 32*, 


&™»J.(f,302,B09,B10. 


^H 320, 326, 327, 363. 


of working belt, 367. 


^^H of rupture, 322,323, 


Excnaivi- Blip, 817. 


^H or>lippll,g,320,327. 


MlxpirplmBtUa, by Wetiber, S4B. 


^^H Coff-gBitriug, 31>. 


Hurlig, 302. 


^^H wheel ttaeorr of belU, 830. 


oarariooeklddeof be«.,lM. 


^H irh«hisudbe1t<.327,32S. 




^^H CMIarbell.lomeuure.SS. 


raelor of elScieocy, 332. 


^^K of wlra belting. 361. 


of safety. 932. 


^^^H Cflmhr, irnnim, 329. 


of" time," 822. 




Fairbairn on bells. 321 . 
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^^ FaUatii-, co-emdont of, M7. 


im^,rnelo,i». 


^^^ VBrtK, centrifUEil, of belli, STl. 


Fig. S9. ■■ " IH. 


^^H requlced to ihlft a belt. Wt. 


90, " ■■ am. 






^F for bell puwer, 301, 807. 


32, ■■ " sei. 


^~ Fttmain In>t. artloles, 301 ,M8, 807, »10. 


93, BJtton of thick belt, SM. 


P Frmfh 10 mum, 321. 


D(, wire«wBd belt, 870. 








Intrrnal rwiUanco, 3in, 31G. 




IvcmitH, Chiiriem I,., 357. 


^^ eiperimenU, 3S6. 




^^^ ofb«Il>,307.S0a,31S,SU. 


Jute mill, CalcQlU, 829. 


^H .Trope., SS3. 


K^nr(™»0«,382, 370, 


^^H wh«b, 2SS. 
^H J>H.U«I belt^ 3S7. 
^^B leather, 306. 


Ktllfr, Karl, on belt tblckne«s 873. 
A'(,.d.of ropea,BS2. 






^H eaIP.iror»c-fi.,3tifi- 


Btartldg point, 30^ 303. 


^^H earned, ^>M., 339. 


■' -oil-known troth.," 301. 


^H StxiWnfr and belLlog oompared, 3S4. 


LaelHg, bwl, BfTect of, 340. 




method, 381. 


Oeop wbeel»,itrBnglhor,87e. 


Xanin, a., OS belra, 318, 321. 


fiehrfken'm lipping belu, -TSe 


Lappi^helts,aeB. 


eiasa pulle^a, 369. 


Lam of friction, 338, 337. 


etood belu, 310, 


I.«^lh«r, Ruleu to a pulley ,371. 


6rafn conTPyer belli, 313. 


fkilled,3Be. 


Orlmthaw, R., lesu, 3^9, 300. 3H. 




«Hp,3;b, 




of bslU, 810. 


on belt,, 321. 


ofropaio groove, a-lZ 


J,nBit,WUf*td,iiS. 




ilmUof .lMticllj,383. 




H»fc bell, 848, 857. 


pulUT,317,318. 




0«( belting, 3&t. 


Lmmhenlng at balu, 824, 33B. 




Li/oot belt., 824. 


Hartig, »r„ eiperimenl., 302, 


orleatber, SaDl[eT's,3IS. 


HoHKfU'a notklugstrBah.BOJ. 


Lockaood, GT^e^ * fo„ 82B. 


Hrf/mnn-. ubservalioos. 306. 


ioHff belu, 339. 


Bemp ropes, 333. 




BereulKa rawhide, S7D. 


LuhritnnI for belU, 871. 


Hiffh belt speed, 317. 




BUteary, John E.. 367. 


«-.ryi»fot.mrialioH,318. 


Binta about beila, 354. 


Xa^,K»m lenglheniDg, 32S. 






HnW«-ft)r bells. 363. 


iffeJfcod of lacing, 364. 


fl>frt«mln( belu, 317. 


Modulus of ela.titllr, 32B. 


Borae-pBWa- of belt cootact. 18, 113, BS. m. 


MaHn, 312, 319, B37, ff7B, 881, 


of ropw, 3!9, 334. 


MtirlWa Ggum., 303, 309. 


ndoa, 388. 384. 


tormola. 310. 


ffoiploputabelton, 3M. 


fll., working strtM, 301. 


B«i,t,J.B.S:Co.,iU. 


.Whimoh * Vo., 376. 


^^ .H««o, I'. W., srsln belt., 313. 


Ni^gl^i working tension, 318. 


^^1 Buarametrlc conditloai. SIS. 


.V8«eofbellm321. 


^^P Fig. «, arc of contact, 312. 
^" BS,gnincon.ejer,314. 


ffUa' tool norhi, 369. 

IfalBS on ropfrgearing, 332, 870. 


Naihi,^ like leaiber, 374, 378. 


P gS. rope grooves, B.30. 
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